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ABSTRACT
The t r o p h ic  i n t e r a c t i o n s ,  s p a t i a l  and temporal d i s t r i b u t i o n s  o f  
Menidia  m en id ia  and Membras m a r t i n i c a  i n  the  lower Chesapeake Bay were  
determ ined  through f e e d i n g  and v e r t i c a l  d i s t r i b u t i o n  e x p e r i m e n t s ,  gut  
c o n t e n t  a n a l y s e s ,  n e u s to n  c o l l e c t i o n s ,  and beach s e i n i n g  t e c h n i q u e s .  
Feeding  ex p er im en ts  and gut  c o n t e n t  and a n a l y s e s  i n d i c a t e d  th a t
Menidia  > 61 mm a t e  e p i b e n t h i c  prey and zo o p la n k to n ,  w h i l e  Membras fed
e x c l u s i v e l y  on z o o p la n k to n .  Membras a d u l t s  and j u v e n i l e s  were 
abundant in  s u r f a c e  mid-bay w a t e r s .  Menidia never  occurred  o f f s h o r e ,
but c o n c e n t r a t e d  in  s h a l lo w  i n s h o r e  zones  a t  or near  the  bot tom.
Membras j u v e n i l e s  > 5 mm occurred  in  la r g e  numbers o f f s h o r e  from June  
through August ,  1981.  Mid-bay s u r f a c e  w aters  are  b e l i e v e d  to  be an 
important  n u rsery  area  for  j u v e n i l e  Membras. J u v e n i l e  Menidia  were  
ab sent  mid-bay ,  and appear to i n h a b i t  in s h o r e  e n v ir o n m en ts .  Membras 
c a t c h e s  were much g r e a t e r  in  the  James than in  the York or the  
Rappahannock d r a i n a g e s .  Menidia and Membras were found to be 
e c o l o g i c a l l y  s e p a r a te d  w i th  r e s p e c t  to  food s e l e c t i o n ,  v e r t i c a l  and 
g e o g r a p h ic  d i s t r i b u t i o n ,  and s a l i n i t y  p r e f e r e n c e .
Comparative Eco logy  o f  two 
Sympatric  A t h e r i n i d s ,  Membras m a r t i n i c a  
and Menidia m e n id ia .
INTRODUCTION
The c o m p e t i t i v e  e x c l u s i o n  p r i n c i p l e  s t a t e s  t h a t  "complete  
c o m p e t i t o r s  cannot  c o e x i s t "  (Gause 1 9 3 4 ) .  In th e o r y ,  syrapatric  
s p e c i e s  t h a t  occupy a s i m i l a r  n i c h e  and compete for  l i m i t e d  r e s o u r c e s  
w i l l  e v e n t u a l l y  adapt to  avoid  c o m p e t i t i o n  w i th  each o th e r  or one w i l l  
become e x t i n c t .  N ich es  may be p a r t i t i o n e d  s p a t i a l l y  (by occupy ing  
d i f f e r e n t  h a b i t a t s ) ,  t e m p o r a l l y  (by  occupying  an area  at .  d i f f e r e n t  
t im es  o f  th e  day or s e a s o n ) ,  or by u t i l i z i n g  d i f f e r e n t  food r e s o u r c e s  
(S choener  1 9 7 4 ) .  A l s o ,  s i m i l a r i t y  between s p e c i e s  in  one n ic h e  
d im en s io n  ( i . e .  food)  can be compensated by a d i s s i m i l a r i t y  in  some 
o th e r  n i c h e  d im ens ion  ( i . e .  h a b i t a t )  (Schoener  1974) .  P a r t i t i o n i n g  
r e s o u r c e s  reduces  n i c h e  o v e r l a p ,  and hence c o m p e t i t i o n  with  o th e r  
s p e c i e s  (Mayr 1942,  Yoshiyama 198 0 ) .  With l e s s  i n t e r s p e c i f i c  
i n t e r f e r e n c e s ,  a s p e c i e s  i s  b e t t e r  a b le  to  f in d  food ,  s h e l t e r ,  and 
u l t i m a t e l y  a mate,  thus  i n s u r i n g  s p e c i e s  s u r v i v a l .  However,  the  
e x i s t e n c e  o f  n o n -o v e r la p  in  r e s o u r c e  d im ens ions  does not n e c e s s a r i l y  
i n d i c a t e  th a t  the  observed  p a r t i t i o n i n g  was a r e s u l t  o f  c o m p e t i t i o n  
for  l i m i t e d  r e s o u r c e s  by c o e v o l v i n g  s p e c i e s .  The s p e c i e s  cou ld  have  
e v o l v e d  s e p a r a t e l y ,  and l a t e r  become sympatr ic  (C onn e l l  1 9 8 0 ) .  To 
s t a t e  t h a t  c o e v o l u t i o n  has taken  p l a c e ,  one would have to  dem onstrate  
t h a t  the  s p e c i e s  were sympatr ic  during  t h e i r  e v o l u t i o n a r y  d i v e r g e n c e ,  
th a t  th e y  were in  c o m p e t i t i o n  for s i m i l a r  r e s o u r c e s ,  and t h a t  the
d i v e r g e n c e  has a g e n e t i c  b a s i s  (C o n n e l l  1 9 8 0 ) .
2
3R e g a r d le s s  o f  th e  d i f f i c u l t i e s  w i th  e x p l a n a t i o n s  about the  
e v o l u t i o n a r y  mechanisms o f  r e s o u r c e  p a r t i t i o n i n g ,  s t u d i e s  on such  
m a tte r s  can p r o v id e  v a l u a b l e  i n s i g h t  i n t o  the r e l a t i o n s h i p s  between  
e x t a n t  sym patr ic  s p e c i e s ,  which may uncover  important  c l u e s  to  t h e i r  
e v o l u t i o n a r y  p a s t .  Furthermore,  in fo r m a t io n  on i n t e r s p e c i f i c  
r e l a t i o n s h i p s  i s  needed to  unders tand community s t r u c t u r e ,  
p r e d a t o r - p r e y  i n t e r a c t i o n s ,  and g e n e r a l  e c o l o g i c a l  p r i n c i p l e s .
Membras m a r t i n i c a  ( V a l e n c i e n n e s )  and Menidia m enid ia  (L inn aeu s)  
(F am i ly  A t h e r i n i d a e )  are  z o o p la n k t iv o r o u s  f i s h e s  found in  the  lower  
Chesapeake Bay from May through December (Hi ldebrand and Schroeder  
1928; M art in  and Drewry 1 9 7 8 ) .  They d i f f e r  m o r p h o l o g i c a l l y  in  t h e i r  
s c a l e  t y p e s  ( c y c l o i d  i n  M enid ia / c t e n o i d  i n  Membras) and p ig m e n ta t io n  
( Menidia  has t i n y  melanophores  b o r d e r in g  the edges  o f  i t s  s c a l e s ,  and 
Membras has l a r g e r  melanophores  and l o n g i t u d i n a l  rows a n t e r i o r  to th e  
s c a l e  e d g e s ) .  The two s p e c i e s  are  somewhat sep ara ted  g e o g r a p h i c a l l y  
in  t h a t  Membras m a r t in i c a  ocurs  more f r e q u e n t l y  at  h ig h er  s a l i n i t i e s  
in  the  sou th er n  p o r t i o n  o f  the bay,  whereas Menidia menid ia  i s  
d i s t r i b u t e d  w id e ly  throughout  the  bay (Hildebrand and Schroeder  1928;  
Martin  and Drewry 1978) .
Spawning in  the A t l a n t i c  s i l v e r s i d e  ( Menidia  m e n id ia ) and in  the  
rough S i l v e r s i d e  ( Membras m a r t i n i c a ) occu rs  in  e a r l y  s p r in g  in  s i m i l a r  
in s h o r e  h a b i t a t s  (Mart in  and Drewry 1 9 7 8 ) .  Menidia m enid ia  has been  
rep o r te d  to  spawn as e a r l y  as A pr i l  in  th e  B e a u fo r t ,  North C aro l ina  
area  (Moore 1 9 8 0 ) ,  and in  Maryland w a ters  ( N i c h o l s  1908) .  In 
V i r g i n i a ,  the e a r l i e s t  known spawning by Menidia was in  May (Fowler
41918; as c i t e d  by Mart in  and Drewry 1 9 7 8 ) .  Ripe female Membras occur  
in  May to  l a t e  J u l y  or e a r l y  August in  th e  Chesapeake and North 
C a r o l in a  r e g i o n  (H i ld ebrand  and Schroeder  1928; Kuntz 1916; Mart in  and 
Drewry 1978; R ubbinoff  1 9 6 1 ) .  Both s p e c i e s  spawn in  s a l i n i t i e s  l e s s  
than 15 ° / o o  ( P o l g a r  e t  a l . 1 9 7 9 ) ,  and both  Menidia  ( B a y l i f f  1950) and 
Membras (Martin and Drewry 1978)  p o s s e s s  a p r o t r a c t e d  spawning p e r i o d .
Where t h e s e  s p e c i e s  o v e r w in t e r  i s  not  e x a c t l y  known, e s p e c i a l l y  
i n  the  c a s e  o f  Membras, but t h e r e  are r e p o r t s  t h a t  Membras l e a v e  the  
Chesapeake Bay fo r  o f f s h o r e  a r e a s  a t  the  o n s e t  o f  lower tem peratures  
(Gunter 1945,  Conover and Murawski in  p r e s s ) .  B a y l i f f  (1950)  re p o r te d  
t h a t  in  the Chesapeake,  Menidia m en id ia  remain year round and 
o v e r w in t e r  i n  deep w a ter .  In a d d i t i o n ,  th e  A t l a n t i c  s i l v e r s i d e s  have  
been noted  to  occur  through the w in t e r  in  deep mid-marsh c h a n n e ls  at  
V i r g i n i a ' s  s e a s i d e  w a ters  (R ichards  and Castagna 197 0 ) .
Membras m a r t i n i c a  i s  f r e q u e n t l y  found a long  open n on vege ta ted  
b each es  where the  bottom c o n s i s t s  o f  hard sand or mud (Robins 1969;  
Gunter 1 9 4 5 ) .  Menidia  menid ia  i s  a l s o  commonly found a long open 
b e a c h e s ,  but w ith  sand or g r a v e l  bottom t y p e s  (Robins 1 9 6 9 ) .
L i t t l e  has been  p u b l i s h e d  on the  d i e t  o f  Membras m a r t i n i c a . Reid 
(19 5 4 )  and Hildebrand and Schroeder  (1 9 2 8 )  found th at  t h e i r  d i e t  
c o n s i s t e d  m ain ly  o f  copepods and i n s e c t s  caught a t  the s u r f a c e .
Menidia  menid ia  was r e p o r te d  to feed  on c o p ep o d s ,  amphipods, a n n e l i d s ,  
and mysids (Gi lm urray and Daborn 1981; L in to n  1901,  as c i t e d  by Robins  
1969; Robins 1 9 6 9 ) .  H a r p a c t i c o i d s  were found to  be important in  the  
d i e t s  o f  10 -30  mm Menidia  menid ia  (Mulkana 1 9 6 6 ) .
Menidia m en id ia  and Membras m a r t i n i c a  can be found t o g e t h e r  in  
midsummer beach  s i e n e  h a u l s  in  the  southern  p o r t i o n  o f  th e  Chesapeake  
Bay ( p e s o n a l  o b s e r v a t i o n ) .  How t h e s e  s p e c i e s  i n t e r a c t  w i th  each o t h e r  
in  terms o f  h a b i t a t ,  t im e ,  and food r e s o u r c e s  i s  a r e l e v a n t  problem in  
contemporary e c o l o g y ,  which p r o v id e s  an o p p o r t u n i t y  to  app ly  and t e s t  
c u r r e n t  e c o l o g i c a l  models and t h e o r i e s .
This  s tu d y  compares the food and h a b i t a t  p r e f e r e n c e s  o f  t h e s e  
s p e c i e s  and d e te r m in e s  the  d eg ree  o f  n i c h e  o v e r l a p  and r e s o u r c e  
p a r t i t i o n i n g  t h a t  may occur between them.
Based upon r e s u l t s  from a p r e l im in a r y  f i e l d  a s se s s m en t  o f  d i e t  in  
Menidia  and Membras ( s e e  Appendix A) ,  I  dec id e d  to  e v a l u a t e  the  
f e e d i n g  r e l a t i o n s h i p s  o f  t h e s e  f i s h e s  under c o n t r o l l e d  l a b o r a t o r y  
c o n d i t i o n s .  An e x p e r im e n ta l  approach was used in  the  p r e s e n t  s tudy  
b e c a u s e  stomach c o n t e n t  a n a l y s e s  o f  f i e l d  c o l l e c t e d  f i s h e s  are o f t e n  
d i f f i c u l t  to  i n t e r p r e t  in  terms o f  s e l e c t i v i t y  (O’B r ien  and Vinyard  
1 9 7 4 ) .  In f i e l d  s t u d i e s  th e  d e n s i t y  and s p e c i e s  c o m p o s i t io n  o f  prey  
cannot  be a c c u r a t e l y  a s s e s s e d ,  and e x a c t l y  where and when the  predator  
l a s t  fed i s  unknown. Without p r e c i s e  knowledge o f  the  prey community 
s t r u c t u r e  i t  would be d i f f i c u l t  to d i s t i n g u i s h  between a c t i v e  food  
s e l e c t i o n  and o p p o r t u n i s t i c  f e e d i n g .
By e x p e r i m e n t a l l y  p r e s e n t i n g  Menidia  menid ia  and Membras 
m a r t in i c a  w i th  v a r i o u s  c o n c e n t r a t i o n s  and s p e c i e s  o f  prey under 
c o n t r o l l e d  l a b o r a t o r y  c o n d i t i o n s ,  i t  was hoped th a t  t h e i r  t ro p h ic  
r e l a t i o n s h i p s  and s e l e c t i v i t y  cou ld  be q u a n t i t a t i v e l y  a s s e s s e d .
6MATERIALS AND METHODS
I .  Feed in g  Exper iments
A) E xp er im en ta l  Chamber 
An 8'  x 4 1 x 16" tank was d i v id e d  to form two compartments  
con n ected  by a trap  d oor .  The tank was b u i l t  o f  3 /4"  plywood,  
r e i n f o r c e d  w i t h  2" x 2" b r a c e s  and s e a l e d  w i t h  f i b e r g l a s s  ta p e .
S h e e t s  o f  curved plywood were a t t a c h e d  to the  c o r n e r s  to  round them 
o f f  ( f i g u r e  1 ) .  The e n t i r e  i n s i d e  s u r f a c e  was co a ted  w i t h  l i g h t  green  
epoxy r e s i n .  Each chamber had an i n s i d e  d iam eter  o f  44" and a 16" 
h e i g h t ;  both  were l i g h t e d  by two 40 w a t t  f l u o r e s c e n t  l i g h t s .  One was 
th e  s t a r v a t i o n  and a c c l i m a t i o n  chamber,  which was kept f r e e  o f  any 
food i t e m s .  The o th e r  was the  f e e d in g  chamber, where l i v e  prey i tems  
were in tro d u ced  over a 1" sand s u b s t r a t e .  Live f i s h e s  were p laced  in  
th e  a c c l i m a t i o n  chamber 24 hours p r io r  to each exper iment  to a l lo w  fo r  
gut c l e a r a n c e .  The f e e d i n g  chamber c o n ta in e d  known q u a n t i t i e s  o f  
e p i b e n t h i c  and z o o p la n k t o n ic  organ ism s .
To min imize  d i s o r i e n t a t i o n  and abnormal b eh av ior  th a t  would occur  
i f  the f i s h  were handled  e x c e s s i v e l y ,  a d e v i c e  was i n s t a l l e d  to herd  
th e  f i s h  from the  s t a r v a t i o n  chamber to  the  f e e d in g  chamber.  The 
h e r d in g  d e v i c e  c o n s i s t e d  o f  1 mm x- 1 ram p l a s t i c  mesh s c r e e n i n g  
a t t a c h e d  at  one end to  the  i n s i d e  v e r t i c a l  edge o f  th e  doorway l e a d i n g  
to  the f e e d in g  chamber and at the  o th e r  end to a take up sp oo l  p laced
F ig u r e  1.  E xper im enta l  tank,  showing the  o p e r a t i o n  o f  the  herd ing  
d e v i c e .
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8on th e  o p p o s i t e  s i d e  o f  the  doorway. In the opened p o s i t i o n ,  the  
s c r e e n i n g  s tood  v e r t i c a l l y  around the  p er im e ter  o f  the  tank .  By 
r o t a t i n g  th e  take up s p o o l ,  th e  t a n k ' s  d iam eter  d e c r e a se d  and the  
s c r e e n i n g  herded th e  t e s t  f i s h e s  toward th e  c l o s e d  trap  d o o r .  When 
th e y  were c o n c e n t r a t e d  near the  d oor ,  i t  was opened momentarily  to  
a l l o w  the  f i s h e s  to  e n t e r  the  f e e d in g  chamber.
B) P la n k to n
The zoop lan k ton  used fo r  the  ex per im ents  were caught  by f i s h i n g  
the  t i d e  from a p i e r  w i th  a 76 pm plankton  n e t  and c o n c e n t r a t e d  i n t o  a 
t e n  l i t e r  c o l l e c t i o n .  From the  o r i g i n a l  ten  l i t e r  sample ,  th r e e  
th o r o u g h ly  mixed subsaraples were removed, f i x e d ,  and examined under a 
dark f i e l d  d i s s e c t i n g  m icroscope  fo r  enumerat ion and s p e c i e s  
i n d e n t i f i c a t i o n .  To f a c i l i t a t e  e a s e  o f  co u n t in g  in  a gr idd ed  p e t r i  
d i s h ,  the  volume o f  the  r e p l i c a t e  subsamples  v a r i e d  fo r  each  
exp er im en t  ( t h e  subsample volume was u s u a l l y  10 ml ) .
P r e l im i n a r y  e x p e r i m e n t s ,  showed th a t  p o ly c h a e t e  l a r v a e ,  Po lydora  
s p . ,  q u i c k l y  d i s s o l v e d  when i n g e s t e d  by the  f i s h  thus th ey  were 
i n d i s t i n g u i s h a b l e  for  gut c o n t e n t  a n a l y s i s .  S in ce  Polydora  sp .  
dominated daytime s u b s u r f a c e  zoop lankton  c o l l e c t i o n s ,  a l l  subsequ en t  
l i v e  z oop lan k ton  samples for  the f e e d in g  exp er im ents  were taken b e f o r e  
dawn.
Depending upon the  d e n s i t y  o f  prey c a l l e d  for  in  a p a r t i c u l a r  
exper im en t  and the  c a l c u l a t e d  d e n s i t y  o f  prey i tems in  the  10 l i t e r  
zo o p la n k to n  c o l l e c t i o n ,  e i t h e r  a l l  or a p erce n ta g e  o f  the o r i g i n a l  
c o l l e c t i o n  was used .  Minutes p r io r  to  the s t a r t  o f  an e x p e r im e n t ,  th e
9p r e s c r i b e d  volume was g e n t l y  s i e v e d  through a 60 ym n i t e x  s c r e e n .  The 
r e t a i n e d  organisms were then  q u i c k l y  t r a n s f e r r e d  to  the  f e e d i n g  
chamber.
C) E p i b e n t h i c  organisms
The e p i b e n t h i c  prey were c o l l e c t e d  from tr a p s  p laced  on the  
bottom by th e  VIMS p i e r  where the  zoop lan k ton  was c o l l e c t e d .  The 
t r a p s  c o n s i s t e d  o f  2' x 8" c h ic k e n  w ir e  c y l i n d e r s  s t u f f e d  w i t h  1 mm x 
1 mm p l a s t i c  mesh s c r e e n i n g .  The t ra p s  were r e t r i e v e d  s e v e r a l  hours  
p r i o r  to each e x p e r im e n t ,  and the  organisms c l i n g i n g  to  th e  mesh were  
r i n s e d  o f f  i n t o  a c o o l e r .  With a 202 pm n i t e x  s i e v e ,  the  r e t a i n e d  
organism s  were t r a n s f e r r e d  to  a 5 l i t e r  bucket  and retu rned  to  the lab  
fo r  c o u n t i n g .  From th e  5 l i t e r  c o l l e c t i o n ,  t h r e e  th o r o u g h ly  mixed 30 
ml subsamples  were removed and an a lyzed  as d e s c r ib e d  above for  
zoo p la n k to n .  As w i th  the  z o o p la n k to n ic  o r g a n is m s ,  e i t h e r  a l l  or a 
p e r c e n t a g e  o f  the  o r i g i n a l  5 l i t e r  c o l l e c t i o n  was g e n t l y  s i e v e d  and 
t r a n s f e r r e d  to  the  f e e d i n g  chamber.
D) Prey  s p e c i e s  p r o p o r t i o n s  and d e n s i t i e s
Based on the subsample c o u n t s ,  the  number o f  prey per ml in  both  
t h e  z o o p la n k to n  and e p i b e n t h i c  c o l l e c t i o n s  was c a l c u l a t e d  by d i v i d i n g  
the  sum o f  the  mean cou n ts  for  a l l  s p e c i e s  (E X zoo .  and EX e p i . ,  
r e s p e c t i v e l y )  by the  subsample volume ( s u b .  ml ) .  The t o t a l  number o f  
prey in  each c o l l e c t i o n  was e s t i m a t e d  by m u l t i p l y i n g  the  c a l c u l a t e d  
numbers o f  prey per ml by the  c o l l e c t i o n  volume.  S in ce  the  volume o f  
the f e e d i n g  chamber was known (348 l i t e r s )  the  number o f  zoop lankton  
to  be p laced  in  the  chamber t h a t  would approximate n a tu r a l  d e n s i t i e s
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was d e r i v e d  ( - 6 0  per l i t e r ) .  S i m i l a r l y ,  the  area  o f  the  s u b s t r a t e  was 
known, and th e  numbers o f  e p i b e n t h i c  prey needed to o b t a i n  a d e n s i t y  
o f  —5 prey  per 10 cm  ^ was c a l c u l a t e d .  Thus,  the  p e r c e n ta g e  o f  each  
prey  c o l l e c t i o n  to  be t r a n s f e r r e d  to  th e  f e e d in g  chamber was 
d e t e r m i n e d .
S in c e  the  z oop lan k ton  and e p i b e n t h i c  organ isms were mixed 
t o g e t h e r  in  the  f e e d i n g  chamber,  the s p e c i e s  p r o p o r t io n s  changed  
r e l a t i v e  to  the  o r i g i n a l  c o l l e c t i o n s .  To account  for  t h i s ,  the  
c o e f f i c e n t s  f^ and f£  were g e n e r a te d  and a p p l i e d  to  the  cou n ts  o f  each  
s p e c i e s  in  each r e p l i c a t e  subsample o f  the zoop lan k ton  and e p i b e n t h i c  
c o l l e c t i o n s  r e s p e c t i v e l y ,  d e f i n e d  as
EX
_ • x Volume F i l t e r e d  ( e p i . )
f 2 = sub ,  mis_______________
EX
2 0 0 • x Volume F i l t e r e d  ( z o o . )
sub.  mis
and
f !  = 1 -  f 2
where f^ co rr espo n d s  to the zoop lan k ton  co u n t s  and f£ to  the  
e p i b e n t h i c  c o u n t s .
E) F i s h
The f i s h e s  were h e ld  in  a c l o s e d  b r a c k is h  water system under 
ambient s a l i n i t i e s  and tem peratures  w i th  a ph otoper iod  o f  tw e lve  hours  
l i g h t  and tw e lv e  hours dark.  A l a r g e  20'  x 4 '  deep wading pool  served  
as the  r e s e r v o i r  for  the  s ys tem .  Water was c o n s t a n t l y  c i r c u l a t e d  from
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the  r e s e r v o i r  to  a b i o l o g i c a l  f i l t e r  and d i s t r i b u t e d  to  the h o ld in g  
t a n k s .  The water  used fo r  each  experiment  was f i l t e r e d  w ith  a 15 ym 
f i l t e r  bag as i t  was pumped from the  r e s e r v o i r  to the  ex p e r im e n ta l  
tank .  Replacement water  to the  r e s e r v o i r  was pumped from t h e  York 
R iver  and f i l t e r e d  in  the  same manner.
The s i l v e r s  i d e s  were u s u a l l y  h e ld  for  a t  l e a s t  two weeks p r io r  to  
e x p e r i m e n t a t i o n .  During a c c l i m a t i o n ,  th e y  were fed commercial  f l a k e  
food .  S e v e r a l  p r e l i m i n a r y  exp er im en ts  f a i l e d  ( i . e .  the  f i s h e s  did not  
e a t  l i v e  prey)  s i n c e  th e  f i s h e s  had become accustomed to f l a k e  food .  
T h e r e fo r e  p r i o r  to a l l  r e p o r te d  e x p e r i m e n t s ,  the  s i l v e r s i d e s  were h e ld  
i n  a 50 g a l l o n  aquarium f o r  s e v e r a l  days and fed a m ixtu re  o f  
zoop lan k ton  and e p i b e n t h i c  prey from th e  York R iv e r .  A f t e r  t h i s  
r e a c c l i m a t i o n  to  l i v e  f o o d ,  the  f i s h e s  were t r a n s f e r r e d  to  the  
s t a r v a t i o n  tank fo r  24 h o u rs .  T es t  f i s h  were then  moved i n t o  the  
f e e d i n g  chamber v i a  the h erd in g  d e v i c e  a p p ro x im a te ly  ten  minutes  a f t e r  
th e  placement o f  l i v e  p rey ,  and a l lowed  to feed  for f i v e  h o u rs .  A , 
f i v e  hour f e e d i n g  p e r io d  was chosen  b ecau se  t e s t  f i s h e s  did not feed  
im m ed ia te ly  when moved to  the f e e d in g  chamber.  Feeding  u s u a l l y  
s t a r t e d  an hour or more a f t e r  t h e i r  i n t r o d u c t i o n  to  the chamber.  At 
the  end o f  th e  f e e d i n g  p e r i o d ,  th e  f i s h e s  were removed and im m ediate ly  
p reserv e d  in  10% fo r m a l in  for  gut c o n t e n t  a n a l y s i s .
The stomach o f  each  i n d i v i d u a l  was d i s s e c t e d  from the esophagus  
t o  the p y l o r u s .  The c o n t e n t s  were r i n s e d  i n t o  a gr idd ed  p e t r i  d i s h ,  
and a l l  prey s p e c i e s  were co u n te d .  When th e  number o f  prey in  the  
stomach was on the  order  o f  th ou san d s ,  the c o n t e n t s  were d i l u t e d
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( u s u a l l y  to  80 mis)  and th r e e  th orou gh ly  mixed subsamples  were  
c o u n t e d .
F) S t a t i s t i c s :
A n a l y s i s  o f  the  e x p e r im e n ta l  r e s u l t s  o f  prey s e l e c t i o n  was 
p a r t i a l l y  accom p li shed  through the  use  o f  S t r a u s s ' s  (1979)  l i n e a r  
in d ex  o f  e l e c t i v i t y  L£,  d e f i n e d  as
Li  = r i “ Pi
where r^ i s  the  p r o p o r t io n  o f  s p e c i e s  i  in the r a t i o n  and p  ^ i s  the  
p r o p o r t io n  o f  s p e c i e s  i  in  the environm ent .  The index  ranges  from -1  
to  +1.  P o s i t i v e  v a l u e s  i n d i c a t e  s e l e c t i o n ,  n e g a t i v e  v a l u e s  i n d i c a t e  
avo id an ce  or i n a c c e s s i b i l i t y ,  and zero v a l u e s  are o b ta in e d  i f  random 
s e l e c t i o n  o c c u r s .
The s e l e c t i o n  index fo r  each prey s p e c i e s  was t e s t e d  for  
s i g n i f i c a n c e  from L=0 with  F l e i s s '  (1981)  Comparison o f  m P r o p o r t io n s  
c h i  square t e s t
2 _  1 n i  n2 / -  -  \ 2
X *  — - x  —1 - x  ( p2 -  pi ) zpq n. . z
where n  ^ i s  the  t o t a l  number o f  prey counted in  the r e p l i c a t e  
subsamples  o f  the  environment;  x\ 2  i s  the t o t a l  number o f  prey counted  
in  the  stomachs o f  the  f i s h e s ,  and
n , . = n  ^ + ri2
and
n
■l -nr
and
= ? = Pi
where rip i s  the  t o t a l  number o f  s p e c i e s  i  counted  from the  subsamples  
o f  the  envir onment;  nr i s  th e  t o t a l  number o f  s p e c i e s  i  counted  in  the  
stomachs o f  the  f i s h e s ,  and
and
1 -  p = q
The v a l u e s  o f  c h i  square were r e f e r r e d  to  the  c r i t i c a l  v a lu e  w i th  m -1  
d e g r e e s  o f  freedom, where m i s  equal to  the  numbers o f  subsamples  o f  
th e  environment p lu s  the number o f  f i s h e s  in  the  comparison .
XI. V e r t i c a l  D i s t r i b u t i o n
V e r t i c a l  d i s t r i b u t i o n  o f  Menidia m enid ia  and Membras m a r t in i c a  in  
th e  water  column was i n v e s t i g a t e d  through lab exper im en ts  and s p e c i a l  
f i e l d  sa m pl in g .
A) Lab Experiment
A p l e x i g l a s  frame (40  cm x 40 cm) was c o n s t r u c t e d  and gr idd ed  o f f  
h o r i z o n t a l l y  in  10 cm increm ents  w ith  c o l o r e d  s t r i n g .  The g r i d  was 
d i v i d e d  in  h a l f  by another  s t r i n g  t r a n s e c t i n g  i t  v e r t i c a l l y .  The 
frame was then  submerged i n t o  a 50 g a l l o n  aquarium w ith  the f i s h e s  and 
p la ce d  u p r ig h t  in  the  c e n t e r  o f  th e  tank. The tank was l i g h t e d  w i th  
two 40 watt  f l u o r e s c e n t  l i g h t s  suspended two f e e t  above the  tank .  A
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p l a s t i c  t e n t  was p la ce d  in  f r o n t  o f  the  tank w ith  a c e n te r e d  
o b s e r v a t i o n  window.
Ample q u a n t i t i e s  o f  z o o p la n k t o n ic  and e p i b e n t h i c  prey i tem s  were  
p lace d  in  the  tank 15 minutes  p r io r  to  each exp er im en t .  Every 60 
s econ d s  the  l o c a t i o n  o f  each i n d i v i d u a l  f i s h  on the  g r id  was recorded  
w ith  a mark on s c a l e d  graph paper .  Only the  f i s h e s  th a t  were framed 
by the  g r i d  a t  the  moment o f  o b s e r v a t i o n  were rec o rd ed .  To o b serve  
n i g h t  d i s t r i b u t i o n s ,  a red f l u o r e s c e n t  l i g h t  6 f e e t  away from the  
e x p e r i m e n ta l  area  was momentarily  sw i tch ed  on during  each o b s e r v a t i o n .  
No s t a r t l e  r e s p o n se  was n o t e d .  S ix  Menidia and s i x  Membras were used  
fo r  the  mixed s p e c i e s  d a y l i g h t  e x p er im en t .  Nine Menidia  were used for  
the  day v e r s u s  n ig h t  s i n g l e  s p e c i e s  t e s t ,  and 8 f i s h e s  were used in  
the  Membras s i n g l e  s p e c i e s  t e s t .
B) S p e c i a l  F i e l d  Sampling
V e r t i c a l  d i s t r i b u t i o n  o f  Membras in  the f i e l d  was d e f i n e d  u s in g  a 
w eighted  aluminum r e c t a n g u l a r  frame ( 0 . 5  x 1 m e te r s )  f i t t e d  w ith  a 
333 pm n i t e x  n et  and f lo w  m eter .
During VIMS P l a n k t o l o g y  D ep artm en t 's  lower bay zoop lan k ton  survey  
i n  October 1981,  the  r e c t a n g u l a r  frame was f i s h e d  at th r e e  d i s c r e t e  
d e p t h s ,  0 - 0 . 5  m e t e r s ,  1 - 1 . 5  m e t e r s ,  and 1 . 5 - 2  m e te r s .  A l l  tows were  
done at  n i g h t ;  each tow was o f  10 minutes  d u r a t i o n .  The c o n s t r a i n t s  
o f  the  survey  s c h e d u le  n e c e s s i t a t e d  sampl ing o f  each d i s c r e t e  depth  at  
d i f f e r e n t  l o c a t i o n s .  These s p e c i a l  samples were made when co ncu rrent  
n e u s to n  ( s u r f a c e  l a y e r )  c o l l e c t i o n s  i n d i c a t e d  h igh  d e n s i t i e s  o f  
Membras in  the  a r e a .  The v e s s e l  was s t a t i o n a r y  as the  net  was
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d ep loyed  and r e t r i e v e d .  While underway c a b l e  was l e t  out to  keep the  
n et  f i s h i n g  a t  th e  p r e s c r i b e d  d ep th .  Samples were p reserved  and 
l a b e l l e d  f o r  l a t e r  a n a l y s i s  i n  the  l a b o r a t o r y .
I l l . I n sh o r e  survey
I n sh o re  d i s t r i b u t i o n  o f  Menidia  m enid ia  and Membras m a r t i n i c a  was 
d e f i n e d  through th e  1980 and 1981 s t r i p e d  b ass  s e i n e  s u rv ey  (Burton  
and Dias  1981,  R ic h a r d s ,  e t  a l . 1 9 8 0 ) .  A l l  samples were taken during  
d a y l i g h t  hours  in  both  s u r v e y s .  In th e  1980 s u r v e y ,  f i e l d  sampl ing  
was conducted  t r i - w e e k l y  from J u l y  1 through October  24 ,  1980.  T h ir t y  
f i x e d  sampl ing s t a t i o n s  ( f i g u r e  2) were v i s i t e d  in  each o f  f i v e  
sampl ing p e r i o d s .  On each sampl ing d a t e ,  the  f i r s t  s t a t i o n  to  be 
Sampled was determ ined  by random draw; a d d i t i o n a l  s t a t i o n s  c o n v e n ie n t  
to  the  f i r s t  s t a t i o n  were then sampled.  This  p r o c e s s  con t in u ed  u n t i l  
a l l  s t a t i o n s  had been sampled.  Most s t a t i o n s  were sampled with  a 
90 '  x 4 '  x 1 /4"  mesh s t r a i g h t  s e i n e ;  u s u a l l y  one s e i n e  sweep was done 
a t  each s t a t i o n .
The 1981 s u rvey  in c lu d e d  twenty  e i g h t  s t a t i o n s  sampled in  each o f  
four monthly p e r i o d s  from J u ly  7 to  November 6.  R e p l i c a t e  sweeps were 
taken  at  each s t a t i o n .  The sampling s t a t i o n s  were the  same as in  
1980 ,  w i th  the  e x c e p t i o n  o f  a few a d d i t i o n s  and d e l e t i o n s  ( f i g u r e  3 ) .  
A l l  s t a t i o n s  were sampled w i th  a 90'  x 6 '  x 1 /4"  mesh s e i n e  w i th  a 
c o l l e c t i o n  bag.
A l l  a t h e r i n i d s  c o l l e c t e d  were i d e n t i f i e d  to  s p e c i e s  and 
enumerated .  Up to  25 specim ens  for  each s p e c i e s  were measured to th e  
n e a r e s t  mm fo r k  l e n g t h .  Randomly ch osen  subsamples  were p reserved  in
16
F i g u r e  2 .  1980 J u v e n i l e  s t r i p e d  b a s s  survey  sampling s t a t i o n s .
■  F R E D E R I C K S B U R G
m-i-m
RICHMOND
NAUTICAL MILES
17
F ig u r e  3 .  1981 J u v e n i l e  s t r i p e d  b ass  survey  sampl ing s t a t i o n s .
■  F R E D E R I C K S B U R G
RICHMOND
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10% fo r m a l i n  on s i t e  and r e t a i n e d  fo r  f u t u r e  gut c o n t e n t  a n a l y s e s .  
P r i o r  to  each  sa m pl in g ,  s p a t i a l ,  t e m p o ra l ,  and p h y s io c h e m ic a l  d a ta  
were record ed  which in c lu d e d  l o c a t i o n ,  t im e ,  w ater  and a i r  
t e m p e r a tu r e ,  s a l i n i t y ,  d i s s o l v e d  oxygen ,  t i d e  s t a g e ,  w e a th e r ,  wind 
d i r e c t i o n  and v e l o c i t y .
I V . O f f s h o r e  Survey
The s p a t i a l  and temporal d i s t r i b u t i o n  o f  Membras i n  the  open  
w a ters  o f  th e  lower  Chesapeake Bay was a s s e s s e d  through d a ta  c o l l e c t e d  
from th e  1978-1981 "Lower Bay Zooplankton M on itor ing  Program",  
i n i t i a t e d  and d i r e c t e d  by Dr. George Grant (VIMS). The 1981 s u rv ey  
was ch o s en  for  d e t a i l e d  a n a l y s e s  s i n c e  sampl ing fo r  th a t  year covered  
th e  w id e s t  s e a s o n a l  range .
S t a t i o n  l o c a t i o n s  were ch osen  randomly from a g r i d  o f  s t a t i o n s  
( f i g u r e  4 ) .  On th e  a v e r a g e ,  14 s t a t i o n s  were sampled per c r u i s e  w i th  
e f f o r t  d i v i d e d  i n t o  day and n ig h t  s t a t i o n s  ( t a b l e  1 ) .
A metered 100 cm x 35 cm deep n eu s ton  n e t  (333 ym) was towed fo r  
a p p r o x im a te ly  t en  minutes  a t  each s t a t i o n .  The gear  f i s h e d  from 
s u r f a c e  t o  12 cm d ep th .  Data were e x p r e s s e d  as square meters  sampled  
f o r  each tow. P r i o r  to sa m pl in g ,  a n c i l l a r y  s t a t i o n  d ata  were taken  
such a s ,  water tem p era tu re ,  s a l i n i t y  and d i s s o l v e d  oxygen ( a t  2 meter  
depth  i n t e r v a l s ) ,  t im e ,  d e p t h ,  t i d e  and w e a th e r .
A l l  a d u l t  f i s h e s  and l a r v a e  ( i n c l u d i n g  zoop lan k ton )  were 
p r e s e r v e d  onboard and s t o r e d  fo r  l a t e r  a n a l y s e s .  The samples were  
c a r e f u l l y  s o r te d  for  a d u l t ,  j u v e n i l e ,  and l a r v a l  a t h e r i n i d s .  Each
F ig u r e  4 .  Chesapeake Bay sampl ing g r i d  system used  in  lower  
zoop lan k ton  m o n i to r in g  program.
&VAN*
Y o r k  * •
76*  10' 76°  00 *76°  20*
Table  1 .  1981 Lower Bay Zooplankton M onitor in g  E f f o r t .
Month_____________ T o t a l  S t a t i o n s  Day S t a t i o n s  N ight  S t a t i o n s
M arch/Apri l  14 7 7
June 15 8 7
J u l y  16 10 6
August 15 8 7
October  _10_ _5_ 5
T o ta l  70 38 32
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s i l v e r s i d e  in  the  c o l l e c t i o n  was i d e n t i f i e d  to s p e c i e s ,  measured to  
th e  n e a r e s t  mra standard  l e n g t h ,  and s t o r e d  for  f u t u r e  stomach  
a n a l y s e s .
F i e l d  d a ta  fo r  the in s h o r e  and o f f s h o r e  s u r v e y s ,  and th e  f e e d in g  
e x p e r im e n ts  were t r a n s c r i b e d  onto  s tandard  code forms fo r  a u tom at ic  
d a ta  p r o c e s s i n g .  The main hardware used fo r  d ata  s t o r a g e / r e t r i e v a l  
was th e  VIMS Prime 750 computer ,  a TSO te r m in a l  o r i e n t e d  d i s k  sy s te m .  
The major s o f t w a r e  used fo r  d a ta  a n a l y s e s  in c lu d e d  SPSS ( S t a t i s t i c a l  
Package for  th e  S o c i a l  S c i e n c e s )  and o t h e r  VIMS s p e c i a l  purpose  
programs a v a i l a b l e  through the  VIMS computer c e n t e r  program l i b r a r y .
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RESULTS
I .  Feeding  Experiments  -  Adult  F i s h e s
A) Exper iments  1 and 2
E xperiments  1 and 2 were d e s ig n e d  to  a s s e s s  the  food s e l e c t i o n  o f  
a d u l t  Membras and Menidia in  sympatry (6 p r e l im in a r y  ex p er im en ts  were  
used  to  d e v e lo p  the  methods fo r  h a n d l in g  the  prey and the f i s h e s ) .  
Zooplankton and e p i b e n t h i c  prey were p r e s e n t  in  the  f e e d i n g  chamber.  
F iv e  M enidia  (9 4 -1 1 0  mm) and f i v e  Membras (7 3 -8 7  mm) were p r e s e n t  in  
the  tank during experiment  1. S ix  Menidia  (9 5 -1 0 8  mm) and s i x  Membras 
( 6 0 - 8 0  mm) were used during exper iment  2.
S e l e c t i o n  in dex  v a l u e s  d e r i v e d  from the gut c o n t e n t s  o f  Membras 
were not s i g n i f i c a n t l y  d i f f e r e n t  from L=0 (random s e l e c t i o n )  fo r  
e p i b e n t h i c  prey ( t a b l e s  2 and 3 ) .  Out o f  313 prey i tems found in  5 
Membras stomachs from exper im ent  1, no gammarid amphipods or i s o p o d s  
were consumed ( c a p r e l l i d  amphipods were not a v a i l a b l e ) .  Out o f  2248  
prey taken  from the  6 Membras stomahcs in  experiment  2,  o n ly  11 
gammarid amphipods ( L = .0 0 4 ) ,  6 i s o p o d s  ( L = .0 0 2 ) ,  and no c a p r e l l i d  
amphipods (L*=-.0004) were found.
In c o n t r a s t ,  s e l e c t i o n  v a l u e s  o f  e p i b e n t h i c  prey  d e r i v e d  from the  
stomach c o n t e n t s  o f  Menidia  were s i g n i f i c a n t l y  p o s i t i v e ,  i n d i c a t i n g  
s e l e c t i o n  ( t a b l e s  2 and 3 ) .  Out o f  691 prey i tems found in  the  
stomachs o f  5 Menidia from experiment  1 ,  19 were gammarid amphipods
23
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( L = . 026 ,  p < .0 1 )  and 112 were  i s o p o d s  ( L = . 153,  p < . 0 1 ) .  During  
exper im en t  2 ,  the  6 Menidia  c o l l e c t i v e l y  consumed 330 prey ,  76 o f  
which were gammarid amphipods ( L = .2 3 0 ,  p < . 0 1 ) ,  and 29 o f  which were  
c a p r e l l i d  amphipods (L = .0 8 8 ,  p < . 0 1 ) .  No i s o p o d s  were ta k en .  The 
s e l e c t i o n  in d ex  f o r  i s o p o d s  was not  s i g n i f i c a n t l y  d i f f e r e n t  from 0 
(random s e l e c t i o n ) .
S e l e c t i o n  v a l u e s  fo r  p e l a g i c  prey were somewhat i n c o n s i s t e n t  
between  exp e r im e n ts  1 and 2.  In exper iment  1, th e  pooled  stomachs- o f  
Menidia c o n t a in e d  424  a d u l t  A c a r t i a  to n s a  copepods;  a h i g h l y  
s i g n i f i c a n t  p o s i t i v e  index  r e s u l t e d  (L = .582 ,  p < . 0 1 ) .  Membras in  the  
same exper im ent  consumed no a d u l t  A. t o n s a , and a s i g n i f i c a n t l y  
n e g a t i v e  in dex  v a l u e  ( i n d i c a t i n g  avo id ance  or i n a c c e s s a b i l i t y )  
r e s u l t e d  ( L = - . 0 3 2 ,  p < . 0 1 ) .  A n a l y s i s  o f  exper im ent  2 data  y i e l d e d  
p o s i t i v e  s e l e c t i o n  v a l u e s  f o r  A. t o n sa  a d u l t s  for  b o th  Menidia  
( L = .0 7 3 ,  p < .0 1 )  and Membras (L = .0 4 9 ,  p < . 0 1 ) .  Random s e l e c t i o n  for  A. 
to n s a  c o p e p o d i t e s  occurred  in  both  s p e c i e s  dur ing  exper iment  1; 
p o s i t i v e  s e l e c t i o n  by both  s p e c i e s  was i n d i c a t e d  fo r  t h i s  prey in  
exp er im ent  2 (L = .058 ,  p<.01 f o r  Menidia and L - . 0 3 6 ,  p<.01 for  
Membras) .  The c y c l o p o i d  copepod ,  Oithona s p . ,  was c o n s i s t e n t l y  
avoided  by Menidia and Membras ( p < . 0 1 ) .
Copepod n a u p l i i  were s t r o n g l y  avo ided  or i n a c c e s s i b l e  to  Menidia  
and Membras ( p < . 0 1 )  a l th o u g h  th ey  were the n u m e r i c a l l y  dominant prey  
i n  both  e x p e r im e n ts  (p £ = .4 5 7  and .685 r e s p e c t i v e l y ) .  Barnacle  n a u p l i  
were r e l a t i v e l y  rare  in  the  environment  during exp er im en ts  1 (p£
< .0 0 1 )  and 2 ( p £ = . 0 3 7 ) .  A lthough b a r n a c le  n a u p l i i  were s i m i l a r  in
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s i z e  to  copepod n a u p l i i ,  a r e l a t i v e l y  h ig h  p o s i t i v e  s e l e c t i o n  was ; 
d e r i v e d  fo r  b a r n a c l e  n a u p l i i  from th e  gut c o n t e n t s  o f  Membras in  b o th  
e x p e r im e n t s  ( L = .0 7 9 ,  p<.01  and L = .426 ,  p<.01 r e s p e c t i v e l y ) .  In 
c o n t r a s t ,  Menidia  in  exper im ent  1 a t e  no b a r n a c le  n a u p l i i  and randomly  
s e l e c t e d  them i n  exper im ent  2.
S e l e c t i o n  o f  h a r p a c t i c o i d s  by Menidia was not  s i g n i f i c a n t l y  
d i f f e r e n t  from L=0 in  exper im ent  1 ,  but a s i g n i f i c a n t l y  p o s i t i v e  
s e l e c t i o n  v a l u e  for  them was seen  in  exper im ent  2 ( p < . 0 1 ) .  Membras 
s e l e c t i v e l y  in c o r p o r a te d  h a r p a c t i c o i d s  in  i t s  d i e t  in  both  exp er im en ts  
( L - . 0 2 7 ,  p<.01 and L = .171 ,  p<.01 r e s p e c t i v e l y ) *
B) Experiments  3 and 4 -  Membras a l l o p a t r y
Food s e l e c t i o n  o f  a d u l t  Membras i n  a l l o p a t r y  was a s s e s s e d  in  
ex p er im en ts  3 and 4 . .  Zooplankton  and e p i b e n t h i c  prey was p r e s e n t  i n  
the  f e e d i n g  chamber and d e n s i t y  o f  prey ty p e s  were r e a s o n a b ly  
c o n s i s t e n t  w i th  former e x p e r i m e n t s .  N atura l  f l u c t u a t i o n s  in  s p e c i e s  
c o m p o s i t i o n  o f  the  prey c o l l e c t e d  from the w i ld  were p r e s e n t .
T h e r e fo r e  the  p r o p o r t io n s  o f  prey s p e c i e s  were not p r e c i s e l y  equal to  
p r e v i o u s  e x p e r i m e n t s .  S ix  i n d i v i d u a l s  were used per t e s t  ( s i z e  range  
8 2 -9 0  mm for  exper im ent  3 and 8 4 -9 5  mm for exper iment  4 ) .
The pooled  stomach c o n t e n t s  from both ex p er im en ts  c o n ta in e d  no 
gammarid amphipods,  i s o p o d s ,  or c a p r e l l i d s  amphipods,  even though  
t h e s e  prey were p r e s e n t  in  the f e e d i n g  chamber at  d e n s i t i e s  which were  
e q u i v a l e n t  to  former e x p e r i m e n t s .  A l l  s e l e c t i o n  i n d i c e s  for t h e s e  
e p i b e n t h i c  prey were not  s i g n i f i c a n t l y  d i f f e r e n t  from L=0, e x c e p t  for
27
s i g n i f i c a n t  a v o id a n c e  o f  i s o p o d s  by Membras i n  exper im ent  4 ( L = - . 0 0 8 ,  
p < .0 5 ,  t a b l e  4 ) .
A. t o n s a  a d u l t s  were s e l e c t e d  i n  b o th  e x p er im en ts  3 ( L = . 195,  
p < .0 1 )  and 10 ( L - , 0 2 3 ,  p < . 0 1 ) .  Random s e l e c t i o n  occu rred  w ith  r e s p e c t :  
to  A. t o n s a  c o p e p o d i t e s  in  exper im ent  3 and s i g n i f i c a n t  avo id ance  was 
found in  exper im ent  4 ( L = - . 0 2 8 ,  p < . 0 1 ) .
S e l e c t i o n  v a l u e s  o f  Oithona sp .  i n  exper iment  1 and 2 i n d i c a t e d  
t h a t  in  the  p r e s e n c e  o f  M en id ia , Membras were a v o id in g  or cou ld  not  
c a p tu r e  Oithona s p .  However,  when Membras were a lo n e  in  the chamber 
s e l e c t i o n  was found f o r  Oithona s p ,  ( exp er im ent  3 ,  L = .1 0 9 ,  p < .01 )  even  
though the  en v ir o n m en ta l  p r o p o r t io n  o f  Oithona sp .  in  experiment  2 
( p i = . 0 6 6 )  was s i m i l a r  to th e  p£ for  exper iment  3 ( p i = . 0 7 5 ) .  Oithona  
s p .  was a l s o  s i g n i f i c a n t l y  s e l e c t e d  fo r  by Membras in  experiment  4 
(L = .365 ,  p<. 0 1 ) .
Copepod n a u p l i i  were aga in  h i g h l y  avo ided  or i n a c c e s s i b l e  in  
exp er im en ts  3 and 4 a l th o u g h  copepod n a u p l i i  were by far  the most  
numerous prey s p e c i e s .  Barnac le  n a u p l i i  were rare  in  the environment ,  
but s i g n i f i c a n t  s e l e c t i o n  for  them was found in  both  exper im ents  
( L = .0 7 2 , , p< .01 and L = .053 ,  p<.01 r e s p e c t i v e l y ) .
C) Experiment 5 and 6 -  Men i d i a  a l l o p a t r y
Two ex p er im en ts  were planned for  th e  Menidia  a l l o p a t r y  
e x p e r i m e n t s .  T es t  f i s h  in  exper im ent  5 a t e  v e r y  l i t t l e ;  the data  were 
in ad eq u ate  for  m ean in gfu l  a n a l y s i s  and are exc lu ded  from t h i s  r e p o r t .
I was unable to r e p e a t  the  ex p e r im e n t ,  thus  t h e  Menidia a l l o p a t r y
Da
ta
 
Su
mm
ar
y 
fo
r 
Fe
ed
in
g 
E
xp
er
im
en
ts
 
3 
an
d 
4,
 
M
em
br
as
 
in 
al
lo
p
at
ry
 
(s
ee
 
te
xt
 
fo
r 
sy
m
bo
ls
 
d
ef
in
it
io
n
)
28
29
t e s t i n g  rep o r te d  h ere  i s  l i m i t e d  to  experiment  6 in  which s i x  f i s h e s  
were used ( s i z e  range 91-112  mm).
Out o f  2539 prey i t e m s  found in  the stomachs o f  s i x  M e n i d i a , 18 
were gammarid amphipods ( L = . 0 0 5 ) ,  and 30 were c a p r e l l i d  amphipods  
^ = . 0 0 7 ) .  No i s o p o d s  were i n g e s t e d .  Index v a l u e s  f o r  e p i b e n t h i c  prey  
were not  s i g n i f i c a n t l y  d i f f e r e n t  from L=0 ( t a b l e  5 ) .  The Menidia were  
f e e d i n g  m ain ly  on p e l a g i c  z o o p la n k to n .  Although t h i s  s u g g e s t s  th a t  in  
the  ab sence  o f  c o m p e t i t i o n  for  zoop lan kton  by Membras, Menidia were  
a b l e  to  e x p l o i t  the  p e l a g i c  community, such a c o n c l u s i o n  cannot be 
made on th e  b a s i s  o f  one e x p er im en t .
Parac a lan u s  sp .  and b a r n a c le  n a u p l i i  in  experiment  6 were the  
p r e f e r r e d  zoop lankton  prey o f  Menidia  (L = .0 2 4 ,  p<.01 and L = .1 0 8 ,  p<.01  
r e s p e c t i v e l y ) .  Oithona sp.  was avo ided  ( L = - .2 0 4 ,  p < .0 1 )  as  were  
copepod n a u p l i i  ( L = - . 3 4 4 ,  p < . 0 1 ) .  In d e c r e a s i n g  order  o f  im portance ,  
Menidia  s e l e c t e d  h a r p a c t i c o i d s  (L = .0 7 7 ,  p < . 0 l ) ,  o s t r a c o d s  (L = .0 5 4 ,  
p . < . 0 1 ) ,  and A. to n s a  a d u l t s  (L = .0 3 4 ,  p < . 0 1 ) .  A. t on sa  c o p e p o d i t e s  
were randomly s e l e c t e d .
I I .  O n t o l o g i c a l  Changes in  D ie t
I n t r a s p e c i f i c  food s e l e c t i o n  between v a r i o u s  s i z e s  o f  i n d i v i d u a l  
f i s h e s  was t e s t e d  in  ex p er im en ts  7 and 8.  Ten Membras were used in  
exp er im en t  7 ( s i z e  range 32-96  mm F L ) , and 13 Menidia in  experiment  8 
( s i z e  range 51-85  mm F L ) . Experiment 8 was undertaken l a t e r  in  the  
f a l l  o f  1981 when Menidia  s m a l l e r  than 50 mm were u n a v a i l a b l e .  S in ce  
p r e v i o u s  ex p er im en ts  showed t h a t  Membras did  not prey on e p i b e n t h i c  
o r g a n is m s ,  o n l y  zoop lan k ton  were used in  experiment  7; e p i b e n t h i c  and
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z o o p l a n k t o n ic  prey were p r e s e n t  i n  exper im ent  8 .  S e l e c t i o n  v a l u e s  
from e x p er im en ts  7 and 8 for  t h e  most important prey  s p e c i e s  were 
r e g r e s s e d  w i t h  fork  l e n g t h  ( f i g u r e s  5 - 1 1 ) .
The s l o p e  ( 3) o f  each  r e g r e s s i o n  l i n e  was t e s t e d  for  s i g n i f ­
i c a n c e  (H0 : 8=0,  H i : 3s4 0 )  w i th  the  SPSS r e g r e s s i o n  procedure
^  = S ^ r e s / N - 2 ^» an<* t i^e c o e f f i c i e n t  o f  d e t e r m i n a t i o n  (R^) was 
c a l c u l a t e d .  S in c e  L i s  d i s t r i b u t e d  ap p ro x im a te ly  n orm al ly  ( S t r a u s s
1 9 7 9 ) ,  th e  d i s t r i b u t i o n a l  c o n d i t i o n s  for the  r e g r e s s i o n  a n a l y s i s  were
s a t i s  f i e d .
A) Exper iment  7 -  Membras
The r e g r e s s i o n  o f  Lf for  A c a r t i a  to n sa  a d u l t s  v s  f i s h  l e n g t h  was 
s i g n i f i c a n t l y  p o s i t i v e  (3 = . 7 9 6 ) ;  was 0 . 6 3 3  ( f i g u r e  5 ) .  The 
s l o p e s  o f  the  r e g r e s s i o n s  for  a l l  the o th e r  prey s p e c i e s :  A. t o n s a
c o p e p o d i t e s ,  Oithona s p . ,  P arac a lan u s  s p . , copepod and b a r n a c le  
n a u p l i i ,  S a p h e r e l l a  s p . , and h a r p a c t i c o i d s  were not  s i g n i f i c a n t l y  
d i f f e r e n t  from z e r o .  The d a ta  c l u s t e r e d  around L=0 f o r  A. t o n sa  
c o p e p o d i t e s  ( f i g u r e  5 ) ,  b a r n a c l e  n a u p l i i  ( f i g u r e  6 ) ,  and Paraca lanus  
s p .  ( f i g u r e  7 ) .  Copepod n a u p l i i  were avoided  or i n a c c e s i b l e  ( f i g u r e  
6 ) ,  and Oithona sp .  ( f i g u r e  7) were s e l e c t e d  throughout  the  range o f  
f i s h  l e n g t h s ,  but to  a l i n e a r  d eg ree  as f i s h  s i z e  i n c r e a s e d .
B) Experiment 8 -  Menidia
R e g r e s s i o n s  o f  L-j^  v s  fork  l e n g t h  w i th  s l o p e s  s i g n i f i c a n t l y  
g r e a t e r  or l e s s  than zero  were g e n e r a te d  in  the  a n a l y s i s  o f  A c a r t i a  
to n s a  a d u l t s  and c o p e p o d i t e s ,  and c a p r e l l i d  amphipod s e l e c t i v i t y .  The 
r e g r e s s i o n  o f  vs f i s h  l e n g t h  f o r  A c a r t i a  tonsa  a d u l t s  had a
32
Figure 5 Regression of the linear index (Li) vs fish length for
Membras martinica in the selection of Acartia tonsa adults
and copepodites, experiment 7.
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Figure 6 Regression of the linear index (L^) v s  fish length for
Membras martinica in the selection of copepod and barnacle
nauplii, experiment 7.
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Figure 7 Regression of the linear index (L^) vs fish length for
Membras martinica in the selection of Oithona sp. and
Paracalanus sp., experiment 7.
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Figure 8 Regression of the linear index (L^) v s  fish length for
Menidia menidia in the selection of Acartia tonsa adults
and copepodites, experiment 8.
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Figure 9 R e g r e s s i o n  o f  the l i n e a r  index  (L^) vs  f i s h  l e n g t h  for  
Menidia m enid ia  in  the  s e l e c t i o n  o f  c a p r e l l i d  amphipods 
exper im ent  8 .
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F ig u r e  10 .  R e g r e s s io n  o f  the l i n e a r  index  (L^) v s  f i s h  l e n g th  for  
Menidia  menidia  in  the  s e l e c t i o n  o f  copepod and b a r n a c l  
n a u p l i i ,  exper im ent  8.
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F i g u r e  11 Regression of the linear index (L^) vs fish length for
Menidia menidia in the selection of Oithona sp. and
Paracalanus sp., experiment 8.
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p o s i t i v e  s l o p e  (3  = . 7 5 4 ,  R ^ = 0 .5 6 8 ) ,  i n d i c a t i n g  t h a t  l a r g e r  Menidia  
preyed more h e a v i l y  on a d u l t s  ( f i g u r e  8 ) .  C o n v e r s e ly ,  the  r e g r e s s i o n  
f o r  A. t o n s a  c o p e p o d i t e s  ( f i g u r e  8 ) had a n e g a t i v e  s l o p e  ( 3  =^-.858,  
r 2 = 0 . 7 3 7 ) .  C a p r e l l i d  amphipods ( f i g u r e  9) were i n g e s t e d  by f i s h e s  
g r e a t e r  than 65 mm. The r e g r e s s i o n  had a p o s i t i v e  s l o p e  ( 3  = .8 1 4 )  and 
a c o e f f i c i e n t  o f  d e t e r m i n a t i o n  (R^) o f  0 . 6 6 3 .  The s l o p e s  for  the
r e g r e s s i o n  o f  Oithona  s p . , copepod and b a r n a c le  n a u p l i i ,  and
P arac a lan u s  sp .  were not s i g n i f i c a n t l y  g r e a t e r  or l e s s  than z e r o .  The
s e l e c t i o n  i n d i c e s  were near or a t  zero  fo r  b a r n a c le  n a u p l i i  ( f i g u r e  
1 0 ) ,  Oithona s p . , and P a r a c a la n u s  ( f i g u r e  1 1 ) .  Copepod n a u p l i i  were  
c o n s i s t e n t l y  avo id ed  by a l l  s i z e s  o f  Menidia  ( f i g u r e  1 0 ) .
I l l ,  V e r t i c a l  D i s t r i b u t i o n
A) L aboratory  Exper im ents
F iv e  la b o r a t o r y  ex p e r im e n ts  examined v e r t i c a l  d i s t r i b u t i o n  o f  
a d u l t  Membras and a d u l t  M e n i d i a . The f i r s t  experiment  s im u la te d  
dayt im e c o n d i t i o n s  w i th  s i x  Menidia  and s i x  Membras in  sympatry .
Ample q u a n t i t i e s  o f  p la n k t o n i c  and e p i b e n t h i c  prey were p r o v id e d .
Feeding  b e h a v io r  was observed  in  a l l  f i s h e s .
In d a y l i g h t  Membras o r i e n t e d  at or near the  s u r f a c e  in  l o o s e  
a g g r e g a t e s  ( f i g u r e  1 2 ) .  The m a j o r i t y  o f  the f i s h e s  remained in  the  
top  ten  c e n t i m e t e r s  o f  the  g r i d .  Fewer f i s h  were ob served  in  the 20 
to  30 c e n t i m e t e r  depth  i n t e r v a l ,  and even fewer in  the  10 to  20 
in cr em en t .  No Membras occu rr ed  in  the  f i r s t  10 c e n t i m e t e r s  from th e  
bottom.  Menidia  on th e  o th e r  hand never  occurred  above ten  
c e n t i m e t e r s  from the  bottom o f  the  tank ( f i g u r e  1 2 ) .  I n d i v i d u a l  f i s h
40
F igure  12.  V e r t i c a l  d i s t r i b u t i o n  of  Membras m a r t in i c a  and Menidia
menidia  in  sympatry during d a y l i g h t  exper im en t .  A t o t a l  
o f  100  o b s e r v a t i o n  p e r io d s  are p l o t t e d  fo r  each s p e c i e s .  
S i x  Menidia and s i x  Membras were p resen t  in  the tank.
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remained in  c l o s e  a s s o c i a t i o n  w i th  o t h e r s  o f  i t s  s p e c i e s ,  and u s u a l l y  
moved about in  groups o f  two or t h r e e  f i s h e s .
Daytime s i n g l e  s p e c i e s  e x p e r im e n ts  in  the tank r e s u l t e d  in  
v e r t i c a l  d i s t r i b u t i o n s  i d e n t i c a l  to the  sympatry t e s t s  c i t e d  above  
( f i g u r e s  13A and 1 4 A ) . Hence ,  i t  i s  u n l i k e l y  t h a t  the  ob served  
bimodal v e r t i c a l  d i s t r i b u t i o n  was a f u n c t i o n  o f  d i r e c t  c o m p e t i t i v e  
i n t e r a c t i o n  between M enidia  and Membras.
V e r t i c a l  d i s t r i b u t i o n s  in  the  n ig h t im e  r e v e a l e d  d i s p e r s a l  o f  both  
Menidia  and Membras in  d ark n ess  ( t h e  same t e s t  f i s h e s  t h a t  were used  
in  day and n i g h t  e x p e r i m e n t s ) . Membras were e v e n l y  d i s t r i b u t e d  
between the  10 to  40 c e n t i m e t e r  i n t e r v a l s  o f f  th e  bottom and o n ly  a 
few f i s h  were ob served  in  th e  0 to  10 c e n t i m e t e r  s e c t i o n  ( f i g u r e  1 3 B ) . 
At n i g h t  Menidia  were no lo n g e r  in  t i g h t  groups and tended to  move o f f  
th e  bottom s l i g h t l y  ( f i g u r e  14B) but none en te r e d  the  3 0 -40  cm 
i n t e r v a l .
B) V e r t i c a l  D i s t r i b u t i o n  -  S p e c i a l  F i e l d  Sampling
Membras a d u l t s  and j u v e n i l e s  were the  o n ly  a t h e r i n i d  s p e c i e s  
caught  in  s u b s u r f a c e  c o l l e c t i o n s  a t  n ig h t  in  the open w a ters  o f  the  
lower Chesapeake Bay. T h e r e f o r e ,  th e  r e s u l t s  o f  the  l a b o r a t o r y  
o b s e r v a t i o n s  cou ld  be e a s i l y  compared w i th  the  v e r t i c a l  d i s t r i b u t i o n  
o f  f i s h e s  in  the f i e l d .  During th e  October 1981 lower bay c r u i s e ,  
t h r e e  d i s c r e t e  depths  were f i s h e d  u s in g  the  r e c t a n g u l a r  n e t  ( t a b l e  6 ) .  
Membras were caught  o n l y  in  the  0 - . 5  meter i n t e r v a l .  R e s u l t s  o f  the  
r e c t a n g u l a r  t r a w ls  s u g g e s t  t h a t  the  downward d i s t r i b u t i o n  o f  Membras 
at  n i g h t  does  not  exceed  0 . 5  m e t e r s .  Stepped o b l i q u e  bongo n e t  tows
42
F ig u r e  13 .  V e r t i c a l  d i s t r i b u t i o n  o f  Membras m a r t i n i c a  i n  a l l o p a t r y ,  
A) d a y l i g h t  B) d a r k n e s s .  F i f t y  o b s e r v a t i o n  p e r i o d s  a re  
p l o t t e d  fo r  each p e r i o d .  E igh t  f i s h  were in  the tank.
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F ig u r e  14 .  V e r t i c a l  d i s t r i b u t i o n  o f  Menidia m enid ia  i n  a l l o p a t r y ,  A)
d a y l i g h t  B) d a r k n e s s .  F orty  o b s e r v a t i o n  p e r io d s  are
p l o t t e d  for  d a y l i g h t ;  30 for  d a r k n e s s .  Nine f i s h  were in
th e  tank .
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Table  6
Numbers o f  Membras captured  at n i g h t  i n  
10 minute r e c t a n g u l a r  frame tows during  th e  lower bay 
zoop lan k ton  s u r v e y ,  October 1981.
F i s h i n g
S t a t i o n _______ Time (EST)_______ Depth (M)______ # o f  Membras/10 min
323 2130 0 - . 5  66
430 1955 1 . 0 - 1 . 5  0
488  1755 1 . 5 - 2 . 0  0
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tak en  a t  each  s t a t i o n  ( i n  two meter  depth  i n t e r v a l s )  caught few 
Membras. Those t h a t  were ca p tu red  were p robably  caught  as th e  n e t  
passed  through the  s u r f a c e  l a y e r .
On calm n i g h t s  in  midsummer, about 1 Membras e v e r y  square  meter  
were seen  s l o w l y  swimming j u s t  a few c e n t i m e t e r s  be low  s u r f a c e  at  most  
s t a t i o n s .  In v i e w  o f  t h e s e  o b s e r v a t i o n s ,  the  l a b o r a t o r y  r e s u l t s  o f  a 
downward movement in  the  water  column a t  n i g h t  by Membras may have  
been an a r t i f a c t  o f  r e s t r i c t i o n  o f  the  f i s h e s  in  a c o n f in e d  tank .
Based on the  r e s u l t s  o f  the  p r e s e n t  s tud y  i t  i s  probable  t h a t  Membras 
d i s p e r s e  h o r i z o n t a l l y  a t  n i g h t  but remain in  the upper 1 /2  m eter .
IV. O f f s h o r e  D i s t r i b u t i o n
Membras m a r t i n i c a  occu rr ed  in  l a r g e  numbers in  the  1981 lower bay 
zoop lan k ton  n e u s to n  c o l l e c t i o n s .  No Menidia  menidia were found 
o f f s h o r e .  S i g n i f i c a n t  d i f f e r e n c e s  in  l e n g t h  frequ en cy  d i s t r i b u t i o n  
were found between day and n i g h t  samples  ( f i g u r e  1 5 ) ,  w ith  the  
e x c e p t i o n  o f  June and October c o l l e c t i o n s .  No a t h e r i n i d s  were taken  
in  th e  Apr i l /M arch  s u r v e y .
Only 5-19 mm SL ( s tan d ard  l e n g t h )  i n d i v i d u a l s  were taken in June.  
Day and n i g h t  l e n g t h  f r e q u e n c i e s  were not s i g n i f i c a n t l y  d i f f e r e n t  
( t a b l e  7 ) .  Of a l l  months s u r v e y e d ,  the  average  d e n s i t y  per s t a t i o n  
was lo w e s t  in  June.  Day and n i g h t  d e n s i t i e s  were 2 . 4  and 1 .7  f i s h / 1 0  
m^  r e s p e c t i v e l y .
In J u l y  th e  s tandard  l e n g t h  o f  f i s h  in  day c o l l e c t i o n s  was 
s t r i k i n g l y  s m a l le r  than in  n i g h t  c o l l e c t i o n s  ( f i g u r e  15 and t a b l e  7 ) .
46
F ig u r e  15 Length freq u en cy  d i s t r i b u t i o n s  o f  Membras m a r t i n i c a  in  
open bay w aters  by month for  1981.
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F o r t y - s e v e n  p e r c e n t  o f  the  f i s h e s  taken  a t  n i g h t  in  J u l y  were in  the  
4 0 -4 9  mm s i z e  i n t e r v a l .  The mean d e n s i t y  ( f i s h / 10 m^) was 3 . 8  dur ing  
th e  day and 3 0 . 6  at  n i g h t .
The d e n s i t y  o f  Membras peaked i n  A u gu s t .  Average dayt ime d e n s i t y  
( # / 1 0  m^) was 1 1 . 0  , i n  c o n t r a s t  t o  5 7 . 7  at  n i g h t .  Samples c o l l e c t e d  
i n  d a y l i g h t  were dominated by 5 -1 9  mm j u v e n i l e s .  At n ig h t  the  s i z e  
range was 5 - 9 0  mm but f i f t y - t h r e e  p e r c e n t  o f  the  f i s h  were in  the  
50-59  mm increm ent  ( t a b l e  7 ) .
The average  n ig h t im e  d e n s i t y  dropped in  October  to  3 0 . 4  
i n d i v i d u a l s / 1 0  m^. No a t h e r i n i d s  were caught  in  d a y l i g h t  c o l l e c t i o n s .  
S i x t y - s e v e n  p e r c e n t  o f  the  captu red  f i s h  measured between 60-79  mm, 
and none were s m a l l e r  than 40 mm ( t a b l e  7 ) .
During d ark n ess  Membras were observed  to  be w id e l y  spaced on the  
s u r f a c e  in  random n o n p o l a r i z e d  a g g r e g a t e s .  On a calm n ig h t  hundreds  
were seen  s l o w l y  swimming near  the  s u r f a c e .  In d a y l i g h t  they  were no 
l o n g e r  randomly d i s t r i b u t e d .  Areas th a t  were teaming w i th  Membras a t  
n i g h t  were c o m p l e t e l y  d evo id  o f  them by d a y l i g h t .  T h e r e f o r e ,  the  
d a y / n i g h t  d i f f e r e n c e s  in  l e n g t h  f r e q u e n c i e s  and abundances r e f l e c t e d  
in  the  above d ata  can not be a t t r i b u t e d  s o l e l y  to  gear  a v o id a n c e .
In f i g u r e  16 the  d e n s i t y  o f  a d u l t  and j u v e n i l e  Membras has been  
p l o t t e d  on the g r id  o f  s t a t i o n  l o c a t i o n s  in  the  lower  Chesapeake by 
month.  Only j u v e n i l e  Membras were cap tu red  in  June.  The j u v e n i l e s  
were e v e n l y  d i s t r i b u t e d  throughout  the range o f  s t a t i o n s ;  the  a d u l t s  
were most l i k e l y  spawning i n s h o r e  (Mart in  and Drewry, 1 9 7 8 ) .  In J u ly
49
F ig u r e  16.  The d i s t r i b u t i o n  o f  Membras m a r t i n i c a  a d u l t s  and j u v e n i l e s  
in  th e  low er  Chesapeake Bay. S t a t i o n s  l o c a t e d  in  th e  1981 
Lower Bay Zooplankton M on itor ing  Survey are  p l o t t e d .  
A djacent  numbers i n d i c a t e  d e n s i t y  o f  a d u l t  and j u v e n i l e  
Membras/10 m^.
7«*|oO' SO’ 7**|00'7** 20*
JULY 1981 
A= Night
JUNE 1981 40'
2 4
*26
20'
3 5
86
oo'
so' 76*| 10’ 7«* 30' 76*120'
OCTOBER 1981AUGUST 19840'
*24 so1so"
5 7
79.68
5 0
3 9 2 0 '2 0 '
l3 6
odoo'oo'
loo'
50
and August both  a d u l t  and j u v e n i l e  f i s h e s  occurred  in  th e  c o l l e c t i o n s .  
T h e ir  d i s t r i b u t i o n  appears  p a tch y  in  a l l  months w ith  no apparent  near  
sh o re  to  o f f s h o r e  g r a d i e n t  in  abundance.  D e n s i t i e s  a t  n i g h t  s t a t i o n s  
ranged from 3 to  86  f i s h e s / 1 0  m2 in  J u l y  and from 5 to  123 f i s h e s / 1 0  
m2 in  A u gu s t .  N ight  c o l l e c t i o n s  in  October  ranged from 7 f i s h e s / 1 0  m2 
o u t s i d e  t h e  b r id g e  tu n n e l  t o  79 f i s h e s / 10 m2 a t  the  northernmost  
s t a t i o n .  S in c e  the  sampl ing e f f o r t  was c o n c e n t r a t e d  north  o f  the  
b r id g e  t u n n e l ,  l i t t l e  can be s t a t e d  on the  o c cu rr en ce  o f  Membras 
o u t s i d e  the  bay;
V. I n s h o r e  D i s t r i b u t i o n
Menidia  m en id ia  were th e  dominant a t h e r i n i d  s p e c i e s  in  the  1980 
and 1981 beach s e i n e  s u r v e y s .  The mean c a t c h  per u n i t  e f f o r t  (CPUE) 
f o r  M enidia  was 2 1 .7  and 30 .1  f i s h e s  per haul in  1980 and 1981 ,-  
r e s p e c t i v e l y .  Membras were much l e s s  abundant w ith  an average  CPUE o f  
1 .1  in  1980 and 0 . 6  in  1981 .  Judging from the  s c a r c i t y  o f  Membras in  
the  u p r iv e r  area  and to  t h e i r  g r e a t e r  abundance in  the  open bay ,  near  
shore  environm ents  are  c l e a r l y  not  t h e i r  p r e f e r r e d  h a b i t a t s .
O b v io u s ly ,  Menidia u t i l i z e  s h a l l o w  i n s h o r e  zones to  a g r e a t  e x t e n t  
( t a b l e  9 ) .
Peak abundances o f  Menidia  were in  s a l i n i t i e s  ranging  from 4 . 0  to  
< 2 4 .0  PPT in  1980 and 1981 ( t a b l e  8 ) .  Membras did occur  near shore  
w ith  some r e g u l a r i t y  in  s a l i n i t i e s  rang ing  from 0 - 3 . 9  PPT; the  CPUE 
( 2 . 1 )  in  1980 was n e a r l y  t h r e e  t im es  h ig h e r  than the  combined CPUE o f  
the  remaining  s a l i n i t y  i n c r e m e n t s .  Although t h i s  does  not c o n t r a d i c t  
the  re p o r te d  s a l i n i t y  range f o r  Membras (Martin  and Drewry,  1 9 7 8 ) ,
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th e y  were e x p e c te d  t o  be more f r e q u e n t l y  found in  h ig h e r  s a l i n i t i e s  
(Hi ld eb rand  and S c h r o e d e r ,  1 9 2 8 ) .
Menidia  and Membras were d i f f e r e n t i a l l y  d i s t r i b u t e d  w i t h  r e s p e c t  
to  r i v e r  d r a in a g e  system  ( t a b l e  9 ) .  For Membras 97% o f  the  t o t a l  CPUE 
d ur in g  1980 and 76% o f  the  t o t a l  CPUE i n  1981 was in  the  James R iv er  
d r a i n a g e .  C o n v e r s e l y ,  c a t c h e s  o f  Menidia  were lo w e s t  in  th e  James 
R iver  d r a in a g e  in  1980 (15% o f  th e  t o t a l  CPUE) and 1981 (14% o f  the  
t o t a l  CPUE).
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DISCUSSION
The p r e s e n t  s tud y  has shown t h a t  Membras m a r t in i c a  and Menidia  
m en id ia  are  e c o l o g i c a l l y  v e r y  d i f f e r e n t .  The f e e d in g  ex p e r im e n ts  and 
gut c o n t e n t  a n a l y s e s  i n d i c a t e  th a t  t h e i r  f e e d i n g  s t r a t e g i e s  are  not  
a l i k e  w i th  r e s p e c t  to  p e l a g i c  and e p i b e n t h i c  f e e d i n g .  These r e s u l t s  
were c l o s e l y  c o r r o b o r a te d  by ob served  v e r t i c a l  d i s t r i b u t i o n  o f  t h e s e  
s p e c i e s  in  the  lab and f i e l d .  O b v io u s ly ,  z oop lan k ton  prey s e l e c t i o n  
would be an advantageous  b e h a v i o r a l  a d a p t io n  for  a s u r f a c e  d w e l l i n g  
s p e c i e s  ( Membras) and the use  o f  e p i b e n t h i c  prey i s  w e l l  s u i t e d  to  the  
d em ersa l  h a b i t s  o f  M en id ia . This i s  l i k e l y  an ad apt ion  to  l i f e  in  
s h a l l o w  i n s h o r e  a r e a s ,  where l a r g e  p r e d a to r s  occur l e s s  f r e q u e n t l y  and 
zoop lankton  would be s c a r c e .
J u v e n i l e s  o f  both  s p e c i e s  probably  do not compete  
i n t e r s p e c i f i c a l l y  for  r e s o u r c e s .  Membras spawn in s h o r e  in  e a r l y  
s p r in g  (H i ldeb ran d  and S c h ro ed er ,  1928; M art in  and Drewry,  1978;
P o lgar  e t  a l . ,  1 9 7 9 ) .  However,  the  p r e s e n c e  o f  sm al l  j u v e n i l e s  in  th e  
open w a ters  o f  the  lower  Chesapeake Bay has not been  re p o r te d  by 
p r e v i o u s  a u t h o r s .  Adams (1 9 7 6 )  s t a t e d  t h a t  the  e r r a t i c  f l u c t u a t i o n s  
in  d e n s i t i e s  o f  j u v e n i l e s  i n  e e l g r a s s  beds near B e a u f o r t ,  North  
C a ro l in a  probably  s u g g e s t e d  Membras did  not use e e l g r a s s  as a n u r s e r y  
a r e a .  I f  s o ,  then Membras j u v e n i l e s  must move o f f s h o r e  s h o r t l y  a f t e r  
h a t c h in g  to  open water n u r s e r y  a r e a s .  I f  the  open bay i s  the  major
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n u r s e r y  area  fo r  Membras, th en  the  j u v e n i l e  p o p u l a t i o n s  o f  t h e s e  two 
s p e c i e s  must be p a r a p a t r i c .  Hence,  the  i n t e r s p e c i f i c  c o m p e t i t i o n  for  
r e s o u r c e s  between M enidia  and Membras j u v e n i l e s  (b u t  not n e c e s s a r i l y  
w ith  some o t h e r  s p e c i e s )  would be n e g l i g i b l e .  Whether Membras are  
t r a n s p o r t e d  to  open w ater  v i a  t i d e s ,  o r  wind d r i v e n  c u r r e n t s ,  or by 
a c t i v e  m ig r a t io n  i s  not  known, but i t  i s  an i n t e r e s t i n g  t o p i c  for  
f u r t h e r  r e s e a r c h .
The r e l a t i o n s h i p  between  d i e t  and ontogeny  was most s i g n i f i c a n t  
in  the  s h i f t  from e x c l u s i v e  p r e d a t io n  on z o o p la n k to n ic  prey by sm a l le r  
Menidia to  i n c l u s i o n  o f  b o th  e p i b e n t h i c  and z o o p la n k to n ic  prey in  the  
d i e t  o f  l a r g e r  M e n id ia . In th e  Chesapeake Bay, e p i b e n t h i c  prey  
occurred  in  stomachs o f  Menidia  >90 mm (appendix  A, t a b l e  A - l ) .  
However,  in  exper iment  8 Men i d i a  as smal l  as 61 mm preyed on c a p r e l l i d  
amphipods,  a l th o u g h  h ig h e r  s e l e c t i o n  v a l u e s  were c a l c u l a t e d  from 
f i s h e s  >78 mm. Gilmurray and Daborn (1981)  noted t h i s  d i e t a r y  change  
occu rred  in  A t l a n t i c  s i l v e r s i d e s  >81 mm and added t h a t  s i l v e r s i d e s  >44 
mm fed p r i m a r i l y  on Eurytemora h erm a n i , but a l s o  a t e  cumacean shrimp,  
i s o p o d s ,  amphipods and h a r p a c t i c o i d s . The e x a c t  s i z e  in  which the  
d i e t a r y  s h i f t  o c c u r s  i n  Menidia i s  t h e r e f o r e  q u i t e  v a r i a b l e .
R e g r e s s io n  a n a l y s e s  o f  the s e l e c t i o n  i n d i c e s  fo r  A c a r t i a  ton sa  
a d u l t s  v e r s u s  f i s h  l e n g t h  showed s i g n i f i c a n t l y  p o s i t i v e  s l o p e s  for  
both  Menidia  and Membras. P r e d a t i o n  upon A_. t o n s a  c o p e p o d i t e s  by 
Menidia was i n v e r s e l y  r e l a t e d  to f i s h  l e n g t h  and s t r o n g e s t  for sm a l le r  
f i s h e s .  I  found a s i g n i f i c a n t  r e l a t i o n s h i p  between f i s h  l e n g t h  and 
s e l e c t i o n  o f  A. to n sa  c o p e p o d i t e s  by Membras in the  3 2 -9 6  mm s i z e
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r a n g e .  S e l e c t i o n  v a l u e s  fo r  c a p r e l l i d  amphipods p l o t t e d  a g a i n s t  
Menidia  l e n g t h  r e s u l t e d  in  a s i g n f i c a n t l y  p o s i t i v e  s l o p e  (exp er im en t  
8 , f i g u r e  9 ) .  S l o p e s  o f  the  r e g r e s s i o n s  fo r  a l l  the remaining prey  
s p e c i e s  in  e x p e r im e n ts  7 and 8 were not  s i g n i f i c a n t l y  d i f f e r e n t  from 
0 .
Gilmurry and Daborn (1 9 8 1 )  found th a t  20 -40  mm j u v e n i l e  A t l a n t i c  
s i l v e r s i d e s  fed e x c l u s i v e l y  on Eurytemora h erm ani , though A c a r t i a  
t o n s a  was the dominant prey s p e c i e s  in  t h e i r  samples o f  the  
zoop lan k ton  community.  They d id  not  know whether the  s e l e c t i o n  o f  J£. 
hermani over  A_. to n s a  was a f u n c t i o n  o f  prey a v o id an ce  or prey  
s e l e c t i o n .  In the  p r e s e n t  s t u d y ,  Menidia 3 0 -4 5  mm taken from n a tu r e  
had e a t e n  A c a r t i a  spp.  (appendix  A, t a b l e  A - l ) .  Furthermore,  a l l  
Menidia in  th e  f e e d i n g  exp er im en ts  u t i l i z e d  A. to n sa  to  some d e g r e e  
and most exp e r im e n ts  r e s u l t e d  in  a p o s i t i v e  s e l e c t i o n  index fo r  A. 
t o n s a .  In exper im ent  8 ( f i g u r e  8 ) ,  Menidia as small  as 50 mm preyed  
on a d u l t  and c o p e p o d i t e  A. t o n s a . The i m p l i c a t i o n  i s  t h a t  _E. hermani  
was the  p r e f e r r e d  prey in  G i lm u rray 's  s tud y  area  even w ith  l a r g e  
numbers o f  A. t onsa  a v a i l a b l e ,  but in  the  Chesapeake Bay A. to n sa  i s  
abundant and a r e a d i l y  a c c e p te d  prey f o r  M e n id ia .
Gilmurray and Daborn (19 8 1 )  a l s o  noted  amphipods, i s o p o d s ,  and 
o t h e r  b e n t h i c  organisms as important  components in  the  d i e t  o f  l a r g e r  
Menidia i n  the  Minas B a s in ,  Bay o f  Fundy. However,  th ey  p o s t u l a t e d  
t h a t  s t ro n g  c u r r e n t s  in d ig e n o u s  to the  Minas Bas in  resuspended  th e  
b e n t h i c  o rg a n is m s ,  thus  making them a v a i l a b l e  to  Menidia  (Minas Bas in  
has a t i d a l  ampl i tude  o f  5 -1 6  m e t e r s ) .  Strong c u r r e n t s ,  e s p e c i a l l y  in
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s h a l l o w  i n s h o r e  zones  are  not  as i n t e n s e  in  the  Chesapeake r e l a t i v e  to  
th e  Minas B a s in ,  y e t  e p i f a u n a l  s p e c i e s  were captu red  by Chesapeake  
Menidia  p o p u l a t i o n s  (a p p en d ix  A, t a b l e  A - l ) .  A lth ou gh ,  wind and wave 
a c t i o n  cou ld  resuspend  e p i b e n t h i c  prey in  th e  Chesapeake th e  f e e d i n g  
ex p e r im e n ts  o f  th e  p r e s e n t  s tu d y  were done under s t a t i c  c o n d i t i o n s ,  
where Menidia were shown to  s u c c e s s f u l l y  c a p tu re  e p i f a u n a l  prey  
d i r e c t l y  from the  bottom .
Membras c o n s i s t e n t l y  s e l e c t e d  b a r n a c le  n a u p l i i  r a t h e r  than  
copepod n a u p l i i  ( t a b l e  1 0 ) even though copepod n a u p l i i  were much more 
abundant than b a r n a c l e  n a u p l i i  throughout  the f e e d i n g  ex p er im en ts  and 
both  were a p p r o x im a te ly  eq ua l  in  s i z e .  S e l e c t i o n  i n d i c e s  for  b a r n a c le  
n a u p l i i  in  the c a s e  o f  Menidia  were not  c o n s i s t e n t  among e x p e r im e n t s ,  
n e g a t i v e  in  one e x p e r im e n t ,  zero in  another  and s i g n i f i c a n t l y  p o s i t i v e  
in  a t h i r d  c a s e .  In the  s e l e c t i o n  o f  b a r n a c le  n a u p l i i  Membras must be 
o r i e n t i n g  to  some unknown prey cue such as s h a pe ,  or mot ion .  One 
p o s s i b l e  e x p l a n a t i o n  o f  the  s e l e c t i o n  may l i e  in  b a r n a c l e  n a u p l i i  
morphology .  A b a r n a c le  n a u p l iu s  p o s s e s s e s  two r e l a t i v e l y  long f r o n t a l  
horns and an e l o n g a t e d  p o s t e r i o r  s p in e  which may e f f e c t i v e l y  in c r e a s e  
t h e i r  r e t e n t i o n  on g i l l  rakers  o f  a t h e r i n i d s .  Copepod n a u p l i i  have no 
p ro tru d in g  s p i n e s  or h o rn s ,  and thus may s im p ly  s l i p  through the  g i l l  
r a k e r s .  A t h e r i n i d s  are  s i g h t  f e e d e r s  which cap tu re  prey by s u c k in g .
The i n t e r s t i t i a l  d i s t a n c e  between g i l l  rakers  must be important in  
r e t a i n i n g  prey when water i s  d r i v e n  out o f  the  b u cca l  c a v i t y .
The f e e d in g  exp e r im e n ts  h e r e i n  rep o r te d  do a d e q u a te ly  d e s c r i b e  
the  major d i e t a r y  d i f f e r e n c e s  b e tw een  Menidia and Membras. Feeding
Se
le
ct
io
n 
In
di
ce
s 
fo
r 
Co
pe
po
d 
an
d 
B
ar
na
cl
e 
N
au
pl
ii
 
by 
Fe
ed
in
g 
E
xp
er
im
en
t
(s
ee
 
te
xt
 
fo
r 
sy
m
bo
ls
 
d
ef
in
it
io
n
s)
58
jc
CO
•rH
4 - 1.
53
nO vO
cd
•rHX)•H
d
cu
s
co
5 3
O O
CM O  
<t- O  <1- O
CO i n
vO CM 
r - .  cm 
nO  O
r r
•“H 00 
LO CM
CO
00 <r ©
CO ^H
On m
O  r-H
© o
O ON 
CM CMO i-H
x:
CO
•rH4-1
2!
vO
CO
cdu
'S
CUs
s4-J
CO
53
• H
X
ON ONm <t
o  ON
O  r- 
CM O
OO ON 
CO COi—i o
<1- NO 
CM CM 
NO <f-
r-H  V ©
<t oo
ON CM
o n  r~- 
r"- o
no n- 
m  cm
CM
ON co
oo m m ©
r~-~ on m r~"
CM O
<—i c o
NO NO 
O  <1-
OO•“4 00
o  o
ON NO
r-H
o o
pu,
rN  r-H
m o 
<1- o
\ /
in  n- 
oo co
NO ©
n- on -4 © 
00 O
O  c o
•—l CM 
NO O
<t —4 
NO CM 
CO O
CO
cu
o
CU
CU
CO
X,cu
M
CU
*tH * rH • H •|H
*rH «iH • rH • •rH -rH •iH -rH • rH »H
•H i—l • rH r-H •rH *iH •iH r-H •fH r—1
r-H CL, H  On 1—4 i-H i-H CU r-H P*
CU o cu d cu cu cu d cu d
d  td P CO p P d  co d  cd
cd a co d cd co co d co d
c d d  d d d
cu cu cu cu
X) r-H X> r-H X> CU X) r-H X) I-H
o  o O CU O I-H O O O CJ
Cu cd CU CO Cu CJ CU co cu co
cu d cu d CU CO cu d cu d
CU M CU iH cu d CU iH CU Jho cd O cd O  CO o co o co
o  ja o  JO O JO CJ J3 O J0
X  CMw X co w X  < f  w X NO
Ns
tm 
= 
po
ol
ed
 
nu
m
be
r 
of 
pr
ey
 
in 
gu
ts
.
N
fis
h 
= 
nu
m
be
r 
of 
fi
sh
es
 
us
ed
 
in 
ex
pe
ri
m
en
t.
59
e x p e r im e n t s  in  th e  p r e s e n t  s tu d y  had some d e s i g n  l i m i t a t i o n s ,  
s p e c i f i c a l l y  in  terms o f  th e  v a r i a t i o n  in  prey s p e c i e s  c o m p o s i t io n  
from exp er im en t  to  e x p e r im e n t .  S in c e  the  dominance and s p e c i f i c  
p r o p o r t i o n s  o f  prey  s p e c i e s  c o l l e c t e d  from the  f i e l d  changed from day  
to  day and from week to  week,  th e  p r o p o r t io n s  o f  each prey s p e c i e s  
were not  a b s o l u t e l y  c o n s i s t e n t  for  a l l  exp er im en ts  and u n doubted ly  
c o n t r i b u t e d  to  the v a r i a t i o n  in  the  observed  s e l e c t i o n  o f  z o o p la n k to n .  
However, th e  d e s i g n  i s  s u p e r i o r  to  a n a l y s i s  o f  con com itant  samples  o f  
p r e d a to r  and prey  s p e c i e s  tak en  from th e  f i e l d  ( s e e  i n t r o d u c t i o n ) .
The p o p u l a t i o n s  o f  Menidia  and Membras are g e n e r a l l y  p a r a p a t r i c ;  
t h e y  i n h a b i t  two v e r y  d i f f e r e n t  env ironm en ts  ( o f f s h o r e  fo r  Membras, 
in s h o r e  f o r  M en id ia ) . Hence,  t h e r e  seems to  be l i t t l e  c o m p e t i t i o n  and 
n i c h e  o v e r l a p  between t h e s e  s p e c i e s .  S in c e  t h e i r  d i e t s  and v e r t i c a l  
d i s t r i b u t i o n s  are  d i s s i m i l a r ,  minimal c o m p e t i t i v e  i n t e r a c t i o n  i s  
e x p e c t e d  when the two s p e c i e s  o v e r l a p .  Reid (19 5 4 )  r e p o r te d  Membras 
m a r t i n i c a  as common a long  sandy b e a c h e s  and in  open water near t h e  
s u r f a c e  w i th  h i g h e s t  abundance in  summer months.  The p r e s e n t  s tudy  
has shown Membras to  be m o s t ly  an open water s p e c i e s  and r a r e l y  found 
i n s h o r e .  The p r e s e n c e  o f  5-19  mm j u v e n i l e s  through August 1981 
s u p p o r t s  the  v ie w  o f  Hildebrand and Schroeder  (1928 )  and B a y l i f f  
(19 5 0 )  t h a t  spawning in  Membras i s  p r o t r a c t e d .
The c a u s e  o f  the  unequal d i s t r i b u t i o n s  between d r a in a g e s  i s  not  
known. P o s s i b l e  e x p l a n a t i o n s  in  the  c a s e  o f  Membras may i n v o l v e  the  
c i r c u l a t i o n  p a t t e r n s  near th e  bay mouth which cou ld  favor  t h e i r  
en tra in m en t  i n t o  the James compared w i th  the York or Rappahannock
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R i v e r s .  A l t e r n a t i v e l y ,  th e  n e a r n e s s  o f  th e  James R iver  to  the mouth 
o f  Chesapeake Bay and a r e a s  o f  h ig h e r  s a l i n i t i e s  where Membras are  
more abundant co u ld  be a f a c t o r .  The observed  d i f f e r e n c e s  cou ld  
p a r t i a l l y  be a f u n c t i o n  o f  the  f i x e d  s t a t i o n  sample d e s i g n  o f  th e  
i n s h o r e  s t r i p e d  b ass  s u r v e y s .  I f  the  m i c r o h a b i t a t s  sampled were  
unique to  th e  James R iver  and h i g h l y  p r e f e r r e d  by Membras then  
c o n s e c u t i v e  sampl ing  a t  t h o s e  s t a t i o n s  cou ld  produce t h e s e  r e s u l t s .  
However,  beach s e i n i n g  can o n l y  be accom p li shed  in  p a r t i c u l a r  ty p e s  o f  
h a b i t a t s ,  such as open b ea ch es  w i th  sandy bottoms and no la r g e  rocks  
or o t h e r  o b s t r u c t i o n s .  G e n e r a l l y ,  a l l  the  s t a t i o n s  w i t h i n  each  
s a l i n i t y  or r i v e r  m i l e  s tra tum  were q u i t e  s i m i l a r  among r i v e r s .
On the  s u r f a c e  in  d a y l i g h t  s e v e r a l  m i l e s  from s h o r e ,  numerous 
s c h o o l s  o f  what appeared to  be a t h e r i n i d s  have been o b s e r v e d .  The 
f i s h e s  moved q u i c k l y ,  made freq u en t  t u r n s ,  and thrashed  the water  
s u r f a c e .  U n f o r t u n a t e l y ,  e f f o r t s  to  sample t h e s e  s c h o o l s  were  
u n s u c c e s s f u l ,  but o b s e r v a t i o n s  were made c l o s e  enough to  the s c h o o l s  
to  be c e r t a i n  th a t  they  were a t h e r i n i d s .  S in ce  Menidia menid ia  never  
o ccurred  in  open water  c o l l e c t i o n s  from the  lower Chesapeake Bay, i t  
was assumed t h a t  th e y  were Membras. The i m p l i c a t i o n s  are  t h a t  Membras 
d i s p e r s e  h o r i z o n t a l l y  a t  n i g h t ,  and regroup in  l a r g e  s c h o o l s  in  
d a y l i g h t ,  probably  f o r  p r o t e c t i o n  a g a i n s t  p r e d a t i o n .  The rep ea ted  
oc c u r r e n c e  o f  j u v e n i l e  f i s h e s  from 5 -1 9  mm in  day and n i g h t  
c o l l e c t i o n s  s u g g e s t s  t h a t  t h i s  s c h o o l i n g  b e h a v io r  i s  not  w e l l  
d e v e lo p e d  in  s m a l le r  i n d i v i d u a l s .
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In numerous dayt ime beach  s e i n e  c o l l e c t i o n s ,  Menidia  have always  
b een  noted  to  be in  s c h o o l s  a t  or near the  bottom.  When Menidia and 
Membras were t o g e t h e r  in  beach s e i n e  c a t c h e s ,  i t  was observed  t h a t  as  
th e  n e t  was brought  a s h o r e  Membras were g i l l e d  in  the  upper p o r t i o n  o f  
th e  ne t  w h i l e  Menidia  were trapped  a t  the  bottom near the le a d  l i n e .
T his  d i f f e r e n t i a l  p r e f e r e n c e  in  p o s i t i o n  in  th e  water column may w e l l  
e x p l a i n  the  ob served  u se  o f  e p i b e n t h i c  prey by a d u l t  M e n id ia , and the  
e x c l u s i v e  use  o f  zoop lan k ton  by Membras. Menidia would thus  en c o u n te r  
food r e s o u r c e s  when i n h a b i t i n g  s h a l l o w  in s h o r e  zones  where th ey  are  
found in  g r e a t  abundance.  S i m i l a r l y ,  an open water s u r f a c e  d w e l l i n g  
s p e c i e s  such as Membras would en c o u n te r  p e l a g i c  zo o p la n k to n ,  and would  
t y p i c a l l y  not  come in  c o n t a c t  w i th  e p i f a u n a l  com m unit ies .
There i s  c o n s i d e r a b l e  c o n f u s i o n  in  the l i t e r a t u r e  on the  
o v e r w i n t e r i n g  a rea s  o f  M e n id ia , and v i r t u a l l y  no in fo r m a t io n  on th e  
w i n t e r  h a b i t a t s  o f  Membras. Gunter (1 9 4 5 )  r ep o r te d  th at  Menidia l e a v e  
the  bay for  o f f s h o r e  a reas  as water tem perature  d e c r e a s e d ,  in  d i r e c t  
c o n t r a d i c t i o n  to r e p o r t s  th a t  Menidia  remain in the bay year  round in  
deep w ater  ( B a y l i f f  1950,  R ichards  and Castagna 1 9 7 0 ) .  O t ter  t r a w l s  
in  the  York r i v e r  channel  taken d ur ing  the  w in t e r  months o f  1980 and 
1981 have cap tu red  l a r g e  Menidia  >100 mm ( p e r s o n a l  o b s e r v a t i o n ) .
However,  r e c e n t  w in te r  o c c u r r e n c e s  o f  Menidia  in  the ocean  170 km 
o f f s h o r e  from the  mouth o f  th e  Chesapeake have been observed  (Conover  
and Murawski, in  p r e s s ) .  I t  may be l i k e l y  t h a t  o n ly  a p o r t i o n  o f  the  
p o p u l a t i o n  l e a v e s  the  bay w h i l e  the  o t h e r s  remain in  deep ch a n n e l s  to  
o v e r w i n t e r .
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The d i e l  movements o f  Menidia  a d u l t s  and j u v e n i l e s  in  natu re  have 
not  been f u l l y  e l u c i d a t e d  by the p r e s e n t  s tu d y .  Although Conover and 
Murawski ( i n  p r e s s )  observed  t h a t  Menidia  a d u l t s  move upward o f f  the  
bottom at  n i g h t ,  t h e i r  s tud y  was r e s t r i c t e d  to  o f f s h o r e  o c e a n ic  
o v e r w in t e r in g  h a b i t a t s .  At p r e s e n t ,  no f i e l d  d a ta  e x i s t  on the d i e l  
movement o f  Menidia a d u l t s  and j u v e n i l e s  in  s h a l lo w  in s h o r e  h a b i t a t s .
In regard to the d a y / n i g h t  s c h o o l i n g  b eh av ior  o f  Membras i n  the  open 
b ay ,  i t  must be conf irmed th a t  the  s c h o o l s  found on the s u r f a c e  during  
d a y l i g h t  are indeed Membras. A l s o ,  the mechanism and t im ing  o f  the  
o f f s h o r e  m ig r a t io n  o f  Membras j u v e n i l e s  to th e  c e n t e r  o f  the  bay i s  
not known. Furthermore,  the  g r e a t e r  abundance o f  Membras in  the James 
d ra in a g e  than in  the  York and Rappahannock d ra in age  i s  a t  p resen t  an 
enigma,  as are the lower c a t c h e s  fo r  Menidia in  the James d r a in a g e .
Com pet i t ion  for  food and s p a t i a l  r e s o u r c e s  between  Menidia  
menid ia  and i t s  c o n f a m i l i a l  Membras m a r t in i c a  i s  min im al .  Their  
r e s p e c t i v e  food and h a b i t a t  p r e f e r e n c e s  have reduced c o m p e t i t i v e  
i n t e r a c t i o n s  and i n t e r s p e c i f i c  i n t e r f e r e n c e s  for  a l l  l i f e  s t a g e s .  
Resource p a r t i t i o n i n g  such as  t h i s  i s  undoubtedly  b e n e f i c i a l  to b o th ,  
u l t i m a t e l y  enhancing each s p e c i e s  s u r v i v a l .
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Summary o f  S i g n i f i c a n t  F in d i n g s  
Feeding  Experiments  
A dults  i n  Sympatry and A l l o p a t r y
Membras a d u l t s  u t i l i z e d  zoop lan k ton  in  t h e i r  d i e t  a lm ost  
e x c l u s i v e l y  r e g a r d l e s s  o f  Menidia p r e s e n c e  or a b s e n c e .
2 .  Menidia  a d u l t s  u t i l i z e d  both  zoop lan k ton  and e p i f a u n a l  organisms  
in  t h e i r  d i e t .
3 .  S e l e c t i o n  w i t h i n  the  zoop lan k ton  assem blage  appeared to  be 
g e n e r a l i z e d  and o v e r l a p p i n g  f o r  Menidia and Membras.
4 .  Barn ac le  n a u p l i i  are  p r e f e r r e d  over  copepod n a u p l i i  by Membras 
a d u l t s  and to  some e x t e n t  Menidia a d u l t s ,  d e s p i t e  the  s i z e  
s i m i l a r i t y  between t h e s e  prey s p e c i e s .  The f i s h e s  must be 
o r i e n t i n g  to some b e h a v i o r a l  or s t r u c t u r a l  cue in  t h e i r  t h e i r  
p r e d a t i o n  o f  b a r n a c le  n a u p l i i .
Summary o f  S i g n i f i c a n t  F in d in g s  
F ee d in g  Exper iments  
O n t o g e n t i c  Changes i n  D i e t
Larger  Menidia  i n d i v i d u a l s  (>65 mm) i n c o r p o r a t e  e p i f a u n a l  prey in  
t h e i r  d i e t  a lon g  w ith  z o o p la n k to n .
As l e n g t h  i n c r e a s e d  in  M e n i d i a , the  s e l e c t i o n  fo r  A_. t o n s a  a d u l t s  
i n c r e a s e d .  C o n v e r s e ly ,  as f i s h  l e n g t h  i n c r e a s e d ,  dependence  on 
s m a l l e r  A_. t o n s a  c o p e p o d i t e s  d e c r e a s e d .
As l e n g t h  i n c r e a s e d  i n  Membras, the  s e l e c t i o n  f o r  A. t o n sa  a d u l t s  
i n c r e a s e d .  A trend  o f  d e c r e a s i n g  s e l e c t i o n  o f  A_. t o n sa  
c o p e p o d i t e s  by l a r g e r  Membras was e v i d e n t ,  but not s t a t i s t i c a l l y  
s i g n i f i c a n t .
Copepod n a u p l i i  were not im portant  prey fo r  the s i z e  range o f  
Menidia  s t u d i e d .  I t  i s  not  known whether  Menidia l e s s  than 50 mm 
u t i l i z e  copepod n a u p l i i  in  t h e i r  d i e t .
Copepod n a u p l i i  were not  an important  prey in  the  d i e t s  o f  Membras
Summary o f  S i g n i f i c a n t  F in d i n g s  
V e r t i c a l  and Geographic  D i s t r i b u t i o n s
Adult  Membras and Menidia  are  v e r t i c a l l y  s e p a r a t e d ;  Membras are  
s u r f a c e  d w e l l e r s  and Menidia o r i e n t  near th e  bottom,
Membras d i s p e r s e  on the s u r f a c e  a t  n i g h t  and form la r g e  s c h o o l s  a t  
the  s u r f a c e  by day; j u v e n i l e s  do not  e x h i b i t  t h i s  b e h a v i o r .
The v a s t  m a j o r i t y  o f  Membras p o p u l a t i o n s  c o n c e n t r a t e  in  the open  
w aters  o f  th e  Chesapeake Bay.
The open bay appears  to  be an important  n u r s e r y  area  fo r  j u v e n i l e  
Membras >5 mm SL.
Menidia  were n ot  taken  in  open water  away from in s h o r e  h a b i t a t s .
Menidia p o p u l a t i o n s  c o n c e n t r a t e  i n s h o r e  and u p r iv e r  in  s a l i n i t i e s  
from 4 . 0  to  2 4 . 0  PPT.
Membras i n h a b i t i n g  in s h o r e  zones  are  much l e s s  abundant than  
M e n id ia .
Membras i s  found more f r e q u e n t l y  in  the James R iver  d ra in age  then  
in  e i t h e r  th e  York or  Rappahannock R iver  d r a i n a g e s .
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APPENDIX A P r e l im i n a r y  f i e l d  o b s e r v a t i o n s  on d i e t s  o f  Menidia and 
Membras.
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PRELIMINARY FIELD OBSERVATIONS ON DIET
On J u l y  12 ,  1980 (2000 hours  EDT) a l a r g e  c o l l e c t i o n  o f  Menidia  
m enid ia  and Membras m a r t i n i c a  was made in  a s i n g l e  s e i n e  sweep w i th  a 
90'  x 4 '  beach s e i n e  a t  Ware Neck P o in t  on the  Ware R i v e r ,  VA. Of th e  
272 s i l v e r s i d e s  removed from th e  c o l l e c t i o n ,  180 o f  them were Menidia  
m enid ia  and 92 were Membras m a r t i n i c a . A l l  were f i x e d  in  fo r m a l in  and 
taken  to  the  l a b o r a t o r y  for  gut  c o n t e n t  a n a l y s i s .  Each s p e c i e s  sample  
was s o r t e d  i n t o  5 mm ( t o t a l  l e n g t h )  s i z e d  c l a s s e s .  Gut c o n t e n t s  o f  
i n d i v i d u a l  f i s h  were r i n s e d  out w i th  a 5 % s o l u t i o n  o f  form al in  and 
poo led  fo r  each  s p e c i e s  i n t o  smal l  j a r s .  Each pooled  sample was then  
p la c e d  on a gr id d ed  p e t r i  d i s h ,  and examined w i t h  an Olympus dark  
f i e l d  d i s s e c t i n g  m icroscope  for  enumerat ion  and i d e n t i f i c a t i o n  o f  prey  
i t e m s .  A l l  o f  the  Membras specim ens  from 69-119  mm and a l l  o f  the  
Menidia  spec im ens  from 30 mm to  64 mm were a n a ly z e d .  Of the  146 
Menidia c o l l e c t e d  w i t h i n  the  90 mm to 129 mm s i z e  range,  56 
i n d i v i d u a l s  were d i s s e c t e d  (38% o f  the t o t a l  c a tc h  w i t h in  th a t  s i z e  
r a n g e ) .
Food p r e f e r e n c e  o f  the Ware Neck specim ens  was determined by 
c l a s s i f y i n g  the  food i t em s  (a p p en d ix  A, t a b l e  A - l )  i n t o  z o o p la n k to n ic  
or b e n t h i c / e p i b e n t h i c  groups .  A crude measurement o f  p e l a g i c  and 
e p i b e n t h i c  o r i e n t e d  f e e d i n g  was o b ta in e d  by c a l c u l a t i n g  the  p e r c e n t  o f  
each c a t e g o r y .  Excluded from t h i s  a n a l y s i s  were nematodes and 
c i l a t e s ,  b eca u s e  t h e i r  u n d i g e s t e d  s t a t e  i n d i c a t e d  th a t  they  were 
stomach p a r a s i t e s .  A l s o  e x c lu d e d  were o t h e r  i n c i d e n t a l s  such as  
u n i d e n t i f i e d  t r o c h o p h o r e s , t e r r e s t r i a l  i n s e c t  p a r t s ,  fragments  o f
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copepods and amphipods,  and f i l a m e n to u s  red a l g a e .  Data from stomachs  
o f  Membras between 65 to  119 mm were p o o le d ,  as were th e  Menidia from 
90 to  129 mm and the  30 to  64 mm (appendix  A, t a b l e  A - 2 ) .
Menidia  m enid ia  in  the  9 0 -1 2 9  mm group a p p a r e n t ly  u t i l i z e d  
b e n t h i c / e p i b e n t h i c  o rg a n is m s ,  w h i l e  Membras m a r t i n i c a  seemed to  have  
been f e e d i n g  o f  p e l a g i c  p r e y .  S m al ler  Menidia c o n t a in e d  50% p e l a g i c  
p r e y ,  and 50% e p i f a u n a l  prey (93% o f  which were h a r p a c t i c o i d s ) .
Stomach c o n t e n t s  from 9 0 -129  mm Menidia were dominated by wormlike  
s e c t i o n s  ( p o s s i b l e  n e m e r t e a n s ) ,  and amphipods. Subsequent c o l l e c t i o n s  
and gut c o n t e n t  a n a l y s i s  o f  Menidia from v a r i o u s  l o c a t i o n s  around 
V i r g i n i a  have shown th a t  f i s h e s  o f  t h i s  s i z e  a l s o  fed on zoop lankton  
such as A c a r t i a  t o n s a . Based on the  above data  i t  was d ec id e d  to  
e v a l u a t e  t h e s e  apparent f e e d i n g  r e l a t i o n s h i p s  under c o n t r o l l e d  
l a b o r a t o r y  c o n d i t i o n s .
Table  A -2 .  P e r cen t  c o m p o s i t io n  o f  p e l a g i c  and e p i b e n t h i c  prey  
i t em s  from Ware Neck c o l l e c t i o n  (based  on t o t a l  
numbers o f  p r e y ) .
Membras m a r t i n i c a
n = 92 s i z e  range 65 mm-119 mm
% P l a n k t o n ic 84%
% B en th ic 16% ( 1 0 0 % were h a r p a c t i c o i d s )
Menidia menid ia
n = 27 s i z e  range 30 mm-64 mm
% P la n k to n ic 50%
% B en th ic 50% (93% were h a r p a c t i c o i d s )
n = 56 s i z e  range 90 mm-129 mm
% P l a n k t o n ic 0 . 1%
% B en th ic 99.9%
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APPENDIX B. Raw d a ta  from ex p er im en ts  7 and 8 . P i ,  p r o p o r t io n  o f
s p e c i e s  i  in  f e e d i n g  chamber; N, number o f  prey counted  
from each i n d i v i d u a l  f i s h ;  r | ,  r a t i o n  p r o p o r t io n ;  L i ,  
l i n e a r  s e l e c t i o n  in d ex .
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